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At one time or another 1 suppose most of 
us have wondered why our semiconductors 
are numbered as they are with IN, 2N and 
3N numbers. To the newcomer, it must look 
like a meaningless bunch of random num¬ 
bers—and it isn't a great deal more to the 
oldtimer! Receiving-tube numbers follow 
certain guidelines, as do many transmitting 
tubes, so what happened to solid state? To 
say that it is a numbering system that grew 
on us isn't too far from wrong—but that's 
getting ahead of the story. 

During the early days of radio, each 
vacuum tube manufacturer numbered his 
tubes as he saw fit. When there were only 
a few tube types available—with very little 
difference in their characteristics—this was 
no great problem. In fact, if you look in any 
of the old radio books, you'll see that none 
of the circuits specify what tube to use; it 
didn't make that much difference. 

However, with the invention of the tetrode 
and pentode, and the introduction of tubes 
with vastly different characteristics, the prob¬ 
lem became pretty sticky. The replacement 
problem was particularly bad, so in 1933 the 
industry voluntarily adopted a numbering 
system that called for a number, a letter and 
another number. The first number denoted 
the filament voltage range, the middle letter 
was a serial designation and the last number 
indicated the number of useful elements for 
which terminals were provided (including 
internal shield and shell connections). This 
is pretty much the system still in use today. 

Transmitting tubes didn't run into the 
standardization bugbear until 1942. With the 
war, and the great number of tube types be¬ 
ing manufactured, a standard number-letter- 
number system was adopted for transmitting 
and special-purpose tubes. Examples of de¬ 
vices assigned number from this system are 


the 1N21, 2C39, 2E26 and 3E29. The first 
number indicated the power rating of the 
heater: 1 for zero power, 2 for up to 10 
watts, 3 for up to 20 watts and so on. The 
letter indicated the structure or function: 
B for diodes, C for triodes, D for tetrodes, 
E for pentodes, N for crystal diodes and recti¬ 
fiers, etcetera. The final number was a serial 
designation, started at 21 to avoid conflict 
with the receiving-tube system. 

Except for the use of IN for semiconductor 
diodes, this system was scrapped in 1946 for 
a purely numerical system starting at 5500. 
Although several manufacturers wanted a 
numbering system for diodes (and later 
transistors) that told the user more about the 
device than a simple serial system, none was 
ever agreed upon. In the meantime, the 
system we use today kept growing. The first 
digit came to indicate the number of ele¬ 
ments minus one—thus a 1N34A is a diode, 
a 2N706 is a triode and a 3N159 is a tetrode; 
the N indicates a solid-state device, and the 
last number is the order of registration. 

This brings up another question—who de¬ 
cides precisely what number will be assigned 
to a particular transistor? The answer is an 
industry sponsored committee that registers 
all new transistors (and vacuum tubes), as¬ 
signing the next open number in the system. 
If the system doesn't make much sense to 
you, don't feel too badly; a number of pro¬ 
fessional groups have tried to put some 
meaning into it, but without a great deal of 
success. The big argument against any new 
system at this point in time concerns the 
great number of solid-state devices already 
on the books—making any new numbering 
system impractical. 

Jim Fisk, W1DTY 

Editor 
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from NRCI 


the Great Transceiver 

NCX-500 

Here's the potent S'bancfer with a 500-Watt punch. Check 
the terrific features on this low-priced performer: 

□ 500-Watt PEP input an SS8, grid-block keying on CW 
and compatible AM operation. □ Sidetone monitor, plus 
built-in code practice oscillator. □ Receive vernier, with 
tuning range greater than ±3 kHi. □ Separate AM and 
product detection n Fast-attack/slow release AGO in all 
modes. Q CrystaFcontrolled pre-miking with single VFO 
for effective frequency stability, plus identical calibration 
rate on all bands, n Crystal lattice filter for high side* 
band suppression on transmit, and r eject ion of adjacent- 
channel QRM on receive , , . plus solid-state balanced 
modulator for "Setand-forger carrier suppression. 

AC-500 Power Supply ... operates from 115/230 VAC and 
provides all operating voltages for the NCX-SOO. 



the. Rockcrushinq 
Linear NCL-2odo 


Here's the full legal power, completely self-contained desk¬ 
top 2000-Watt SSB PEP linear amplifier for the BO through 
10 meter bands. The NCL-2000 may also be operated on 
CW, AM, or RTTY at 1000 Watts DC input. 

□ BuilHn power supply, built*in cooling fan. □ Equal 
power output on all bands 80 through 10 meters. □ Most 
complete safety and overload protection, including 1 min¬ 
ute time delay relay, overload relay, lid interlock, and 
automatic shorting bar, 

theXlassic 



Receiver 


HR0-500 


No other amateur receiver can come close to 
the performance of the HRO-SOO, with the 
widest frequency range and greatest perform¬ 
ance of any general coverage receiver ever 
built: 

□ 5 kHz through 30 MHz frequency range, in 
main bands (GO 500 kHz sub-bands} with 
1 kHz calibration accuracy on Va inch per kHz 
dial, p Passband tuning for SSB and CW 
operation. □ All solid-state for high reli¬ 
ability, portability, low power requirements, 
and absolutely cool operation. □ Phase* 
locked frequency synthesizer for superior sta¬ 
bility and overall calibration. □ AQC thresh¬ 
old control to knock out background QRM. 



i For comp:er«^ detdMi and specUiCdtiDOS, wnte: 

Wi/j NATION AL RADIO COMPANY, INC. 

W«hmR«on St., Mdros*. Mask. 02176 
//fwfm Wf Telephone: (617) 662-7700 TWX: 817666 5032 


" IV&S Rddio CompAn^. foe. Iriternjitoiial Marketing through; Ad. Aunemi. Inc. 35 Broad Street, New Tork, fiew TdH 
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vhf/uhf effects 


gridded tubes 


Here is 
a rundown 
on the characteristics 
you should understand 
to get the most 
out of gridded tubes 

at uhf 
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The tcchnkaMy-niindcd amateur has known 
for some lime that a vacuum lube becomes 
progressively less effective as the frequency 
of operalton is increased. Amplifiers require 
greater driving power, output power drops 
off, and the manufacturer may be obliged 
to derate the tube at the hrgh-frequer>cy end 
of the operable range* If the frequency is 
raised high enough, the gain of the amplifier 
will drop to an unusable level* Upon further 
increase in frequency, the gain will drop to 
unity or less* At the same time this is happen¬ 
ing, the input impedance of the amplifier 
drops as does the maximum impedance real¬ 
izable in the plate circuit. 

Numerous factors contributing to the re¬ 
duction of amplifier output at vhf and uhf 
can be listed and divided roughly into three 
groups: 

1 * Circuit-reactance limitations 

2. Circuit and tube loss limitations 

3. Electron transit-time limitations. 
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circuit-reactance limitations 

At the very-high and ultra-high frequencies 
there exists a situation which is quite differ¬ 
ent from that which exists at low frequencies. 
At low frequencies the electrical circuits and 
the tube are quite distinct. As frequency in¬ 
creases, this ceases to be true, and it is found 
that part of the resonant circuit exists within 
the tube (fig. 1). The electrode leads, while 
they are normally short and have large sur¬ 
face area in modern tubes, have a small but 
finite inductance. As the frequency of opera¬ 
tion Is raised, the reactance of the lead in¬ 
ductance will become quite appreciable, 
often reaching undesirable proportions in the 
vhf-uhf regions. The effect of lead inductance 
is to create a voltage drop such that the ap¬ 
plied voltage across the external terminals 
of the tube will not entirely appear across the 
electrodes. Driving voltage is thus lost across 
the lead inductance. 

In addition, while the interelectrode ca¬ 
pacitances may be small, at ultra-high fre¬ 
quencies they approach a large fraction of 
the capacitance required to establish reso- 
nace in an external circuit. As such, the inter¬ 
electrode capacitances represent a limitation 
in terms of actual operation as the external 
tank circuit may "disappear" within the tube. 
The combination of the electrode-lead- 
inductance and the interelectrode capaci¬ 
tance may cause an internal resonance in the 
uhf region. 

fig. 1. The total input voltage does 
not act upon the gnd-to-cathode elec¬ 
tron stream because of grid and cath¬ 
ode lead inductance—the voltage across 
them subtracts from the input voltage. 



A typical internal resonance experienced 
In a large power tube is the circuit consist¬ 
ing of the control-grid cage and mounting 
cone, and the screen-grid and cone. These 
two assemblies can form a quarter wave¬ 
length long tuned-line circuit shorted at the 
tube envelope by the capacitor consisting of 
the two contact rings and the dielectric ma¬ 
terial used in the envelope. The Interna! 
resonant frequency could be in the range of 
1400 MHz for a five- to ten-kilowatt tube. 
This could lead to a 1400-MHz parasitic os¬ 
cillation. 

The smaller the tube, the higher the reso¬ 
nant frequency. All tubes will have internal 
resonances and the designer must move 
them out of the normal usable frequency 
range or load the circuit in such a way as not 
to degrade the performance within the rated 
frequency range. Even if resonances do not 
occur, the combination of reactances within 
the tube may constitute an undesired net¬ 
work that creates a mismatch between the 
driver and the tube electrodes. 


magnitude of lead inductance 

The most important reactance encountered 
in a vacuum tube is that associated with the 
lead inductance. An estimate of the magni¬ 
tude of lead inductance may be made using 
the following equation: 

4l d 

L = 1.00508t (2,303 log^o --1 + - 

d 2l 

where L= inductance (microhenries) 

L —wire length (inches) 
d = wire diameter (inches) 

This equation assumes no mutual inductance 
with some other nearby lead or wire. 

As an example of how great lead Induc¬ 
tance can be, consider the case of a lead 
that is 0.1-inch in diameter and one-inch 
long. This lead will have an Inductance of 
0.015 /J.H and an inductive reactance of 47 
ohms at 500 MHz. An inductive reactance of 
this magnitude, for example, between the 
screen element and the screen by-pass ca¬ 
pacitor outside the tube can cause stability 
problems. A voltage drop exists across the 
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screen reactance caused by the current flow¬ 
ing through it which is the vhf current charg¬ 
ing the output capacitance of the tube. This 
voltage is impressed upon the screen, which 
thereby is removed from ground potential, 
disturbing the grid-plate isolation normally 
afforded by this element. 


This source of positive input resistance 
can be better understood by realizing that 
it results from a signal appearing across the 
cathode lead inductance, driving the cathode 
a small amount, as in a cathode-driven am¬ 
plifier. (In a cathode-driven amplifier, the 
alternating current component of the plate 


fig. 2. Gain of a 5CX1500A 
lOO-MHz class-B amplifier with 
different values of cathode 
bypass capacitance. Gain peak 
occurs when bypass capacitor 
is series resonant with tube, 
socket and cathode iead in¬ 
ductance. 



cathodb: ffrmss carocivor <pf) 


cathode lead inductance and 
input loading 

Tube gain will also be adversely affected 
due to a reduction in input resistance be¬ 
cause of the cathode-lead inductance. A small 
amount of cathode-lead inductance in con¬ 
junction with the grid-to-cathode capacitance 
of a vacuum tube will cause a resistive load 
to appear across the input of the tube. The 
magnitude of this added shunt input resis¬ 
tance is: 

1 

R ^ - 

^gk 8m 

R ~ input resistance due to cathode-lead 
inductance 

0 ) — 27rf where f is frequency (hertz) 

= cathode lead inductance (henries) 

Cgk = Grid-to-cathode capacitance (farads) 
8m “ transconductance (mhos) 


current has to flow through the cathode lead 
inductance to reach the cathode. Since the 
driving signal is in series with the output 
load through the cathode-to-plate resistance 
of the tube, some of the power in the load 
is supplied by the driver.) Unwanted feed¬ 
through power is thus supplied by cathode 
lead inductance in a grid-driven stage. 

The above equation shows that as the 
frequency is increased, the grid-loading due 
to cathode-lead inductance increases. For 
example, if the frequency of the amplifier Is 
tripled from 144 to 432 MHz, the input re¬ 
sistance of a particular tube at 432 MHz 
would be one-ninth the resistance at 144 
MHz. If it is desired to drive the 432 MHz 
tube to the same maximum grid voltage 
swing, then nine times the power is required 
just to cover the input loading due to 
cathode-lead inductance. 

There will be other losses such as skin 
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effect, dielectric, radiation, transit time and 
the circuit reactance effects shown in fig, 1. 
The amount of grid loading due to cathode- 
lead inductance may be reduced somewhat 
by separating the input and output circuit 
paths back to the cathode. Some miniature 
tubes and low power transmitting tubes, such 
as the 4CX250B, 6146 and others, have muh 
tipSe cathode leads to minimize the cathode- 


fig, Cathodv \mad nflutralizftion. 



lead inductance effects. Transistors also have 
this problem, only it is called emitter-lead 
inductance instead of cathode-lead induc¬ 
tance. 

vhf/uhf cathode-lead inductance 
neutralization techniques 

It is possible to neutralize the effects of 
the cathode-lead inductance by choosing 
the value of cathode by-pass capacitor so it 
will be approximately series resonant with 
the total lead inductance {tube, socket and 
circuit inductance). This technique is parti¬ 
cularly effective in low noise stages of vhf/ 
uhf receivers. 

Fig. 2 illustrates stage gain as a function of 
cathode by-pass capacitance value in a high 
power vhf amplifier. This particular graph was 
obtained from an experimental 1(X)-MHz, 
5CX1500A amplifier running in class B. The 
5CX1500A cathode lead, socket and circuit 
lead inductance was measured to be just 
over four nanohenries. A capacitance of 637 
picofarads was calculated to be necessary for 
cathode lead inductance neutralization. The 
graph agrees fairly well with the calculated 
data. 


A neutralization technique described in 
the October 1939 issue of Eleclronics is of 
interest {fig. 3). I have had no personal ex¬ 
perience with this technique, but it does ap¬ 
pear to have merit. The voltage drop Cl 
across L, caused by the cathode current, is 
reversed in polarity with respect to e,. in the 
sense that and L are in series between 
grid 1 and the cathode. Thus, the current 
flowing back to the grid through ts 160 
degrees out of phase with the applied volt¬ 
age, eJ,^p^,t, For a certain value of I the cur¬ 
rents through and will be equal as 
well as opposite in phase; thus, the conduc¬ 
tance between grid 1 and the cathode is 
zero. For neutralization of the cathode lead 
inductance the following ratio must be met: 



For the SCX1500A 100-MHz amplifier com¬ 
ponent values for neutralization of the cath¬ 
ode lead inductance could be: 

Ljj = 4 rjanohenries 
= 35,8 picofarads 
picofarads 

L =14 nanohenries 


Th« wall known 4CX2SDB—to 500 MHr. 
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Thj» tube he* twice the cathode area 
ol the 4CX2S0B and provide* batter 
than —40 dB intermodulation diitor- 
tion. 


L|j and C^|. are typical characteristics of the 
5CX1500A and SK840 socket while C^g and 
L are added components. 

A very similar method of neutralizing that 
part of input resistance caused by the cath¬ 
ode lead inductance uses an inductance in 
the screen-grid lead ar^d has been often used 
in 6146-iype gear at 144 MHz (fig. 4), Basi¬ 
cally, this circuit is the same as fig. 3. There 
are two dilferences: the point K (cathode pin) 
is now at ground potential and only screen 
current flows through the inductance 1^. 

Other circuits may he used to minimize 
the effects of the cathode-lead inductance. 
The grounded-grid, cathode-driven (or prob¬ 
ably more correctly called the '"grid-separa¬ 
tion" circuit), is often used (fig. 5). In this 
case the cathode is driven while the grid in 
a iriode, or the grid and screen grid in a 
tetrode, are operated at some low rf poten¬ 
tial* The grid structures then act like a shield 
between the input and output circuits. The 
main advantage, as far as cathode-lead induc¬ 
tance is concerned, Is that this inductance 
is now just another inductor in series with, 
and therefore a part of, the input tuned cir¬ 
cuit. There are other advantages that can he 
credited to the "grid separation" amplifier 


which wi/( he discussed in the section on 
interelecirode capacitances. 

intermodulation distortion and 
input loading 

An appreciable amount of input loading 
can increase intermodulation distortion. Any 
tube plate-charactcristic non-linearity will 
cause a variation in this input loading with 
signal level and thereby present a varying 
load to the driver, thus causing increased 
distortion in the drive voltage. 


tig. 4. Mftutralizing catHode toad induclancfl 
with an inductor in tha icraan lead on Oia 
tube side ol the screen bypass cipscitor. 



screen lead inductance 

The screen lead inductance between the 
screen element and the screen by-pass ca¬ 
pacitor may help or hinder the operation of 
an amplifier. Below the self-neutralizing fre¬ 
quency^^- of the tube, the screen lead induc¬ 
tance is usually detrimental to the stability 
of the amplifier, as the rf current flowing 
through this inductance will cause an un¬ 
wanted rf voltage to be developed. The point 
where the screen bypass is connected to the 
screen terminal may very well be at rf ground 
potential, but the potential of the screen 
itself may be varying above and below 
ground by the magnilude of voltage devel¬ 
oped across the screen lead inductance, eL^ 
[fig- 4). 

The magnitude of the developed voltage 
depends on the inductance of the screen 
lead and the frequency of operation. The 
higher the frequency, the greater the induc¬ 
tive reactance and the greater the rf current 
through this inductor. The current is greater 
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because the capacitive reactance of the out¬ 
put capacitance of the tube will be smaller, 
and the capacitor will be charging to the 
same rf plate voltage swing each cycle. 

At operating frequencies below the self¬ 
neutralizing frequency of a tetrode, screen 
inductance may be added in order to neu¬ 
tralize the amplifier. That is, the self¬ 
neutralizing frequency is lowered to the 
operating frequency.^ At operating frequen¬ 
cies above the self-neutralizing frequency of 
the tube, a series capacitor is sometimes 
added to move the self-neutralizing frequen¬ 
cy up to the operating frequency (fig. 6), As 
was briefly touched upon previously, some¬ 
times it is desirable to add a certain amount 
of screen lead inductance to neutralize the 


number of leads to use to provide the in¬ 
ductance he needs for his design. 

In a cathode-driven (grounded-grid) am¬ 
plifier, control-grid inductance is very im¬ 
portant, Just as in the case of the screen-lead 
inductance in a grid-driven tetrode amplifier, 
the control-grid inductance in a cathode- 
driven amplifier may aid or hinder the de¬ 
signer. The control-grid inductance may 
cause instability, a loss in drive voltage due 
to the voltage divider effect (fig. 1) or it may 
be used to provide a method of neutralizing 
the amplifier.^ 

plate lead inductance 

The plate in modern tubes used for vhf/ 
uhf operation is usually designed with a 


fig. 5. Cathode-driven 
or grid-separation am¬ 
plifier. 



cathode-lead inductance portion of the input 
resistance. 

control-grid lead inductance 

The control-grid lead inductance in a grid- 
driven amplifier is usually not of much con¬ 
cern as the relative magnitude of the tube 
lead inductance as compared to the external 
inductance added to it to attain resonance is 
very small. The control-grid lead inductance 
is wholly a part of the input resonant circuit 
with no current being induced from the out¬ 
put circuit, and it becomes part of the input 
tuned circuit. An exception to this is in the 
case of a vhf/uhf distributed amplifier. In 
this application an active filter is designed 
using all of the tube lead inductances and 
interelectrode capacitances. The control-grid 
inductance is important in this case, and 
modern distributed amplifier tubes are made 
with four grid leads available to the equip¬ 
ment designer. He then has the choice of the 


massive anode structure in order to dissipate 
the heat that is generated in this element of 
the tube. For this reason, plate lead induc¬ 
tance is usually low enough so it is not of 
any great concern. If normal good engineer¬ 
ing practice is followed in designing vhf/uhf 
circuitry, the plate lead inductance becomes 
Inconsequential. 

interelectrode capacitance 

In addition to lead inductance, interelec¬ 
trode capacitance plays an important role in 
the operation of tubes In the vhf/uhf regions. 
Interelectrode capacitances due to active 
parts of the tube structure are incapable of 
reduction beyond a certain point. However, 
In many tubes the interelectrode capacitance 
results largely from capacitance between 
leads in areas of the tube where electrons 
do not flow. It is the job of the tube designer 
to reduce this unnecessary capacitance to a 
minimum. 
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input capacitance 

The input capacitance of a grid-driven tube 
is the sum of the grid-to-cathode and grid- 
to-screen capacitances. The larger the input 
capacitance, the greater the drive power 
must be. This can be explained by the very 
large increase in input charging current nec- 


must increase. As power is proportional to 
the square of the current, the power lost In 
the input circuit necessarily increases as the 
charging current rises. The driver must sup¬ 
ply this extra power. 

To reduce this loss, the circuit designer 
must keep the input capacitance down and 



fig. 7. Chart for computing resistivity and depth of penetration for metallic conductors between 100 MHz and 
100 GHz. 


fig. 6. Screen neutralization at 
operating frequencies above self- 
neutralizing frequency of tube. 



essary to charge the input capacitance. As 
the frequency increases the reactance of the 
input circuit becomes smaller, and for the 
same peak grid voltage, the charging current 


may limit the magnitude of the peak grid 
voltage. Peak grid voltage can also be mini¬ 
mized by operating with less bias. Quite 
often in certain amplifiers the class-B mode 
is more desirable than class-C operation. 
Reducing the peak grid voltage and the 
charging current will reduce the amount of 
power that must be dissipated by the con¬ 
trol grid. Radio frequency power dissipated 
by the control grid unfortunately cannot be 
measured by the dc meters on the front 
panel of the amplifier, so the operator has 
no means of knowing if charging currents 
cause excessive grid temperature. High input 
capacitance also limits the bandwidth of the 
input circuit. For those applications requir¬ 
ing large instantaneous bandwidth, great 
care must be taken in the design of the 
equipment. 
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The grid-separation or cathode-driven am¬ 
plifier offers quite an advantage as far as 
input capacitance is concerned. The input 
capacitance consists only of the cathode-to- 
grid capacitance. For the same tube in the 
cathode-driven configuration, the input ca¬ 
pacitance will be roughly half that value in 
the grid-driven circuit. This is quite an ad¬ 
vantage for applications requiring wide 
bandwidths. 

output capacitance 

The output capacitance of a power tube 
is an important factor in determining what 
plate-load resistance can be used. This in 
turn determines the stage gain and power 
output that is available. The equivalent shunt 
resistance (plate-load) of a parallel resonant 
circuit can be written as = Q/27rfC or 
Rl — 27rfLQ where R^ is the plate-load re¬ 
sistance, Q is the loaded Q of the resonant 
circuit and f is the resonant frequency. For 



fig. 8. The effect of transit time on grid losses. At 
the instant shown, the grid potential is increasing 
in a positive direction and there is a consequent 
disproportionate number of electrons between grid 
and cathode so there is electron flow from the grid 
even though it may be negatively biased. 

operation at a given frequency, to increase 
the shunt resistance it is necessary to de¬ 
crease the shunt capacitance. This can be 
done to a point by reducing the circuit ca¬ 
pacitance and increasing the tank coil induc¬ 
tance, maintaining the same frequency of 
resonance. Eventually, this process is limited 
by the fact that the capacitance external to 
the tube has been reduced to zero; the shunt 
resistance is finally determined by the tube 
interelectrode capacitance. The larger the 
interelectrode capacitance, the smaller the 
shunt resistance that can be realized. Accord¬ 
ingly, power output tends to drop off as the 
load resistance, or as the square of frequen¬ 
cy, as frequency increases. 


There are other problems brought about 
by the effect of output capacitance. The out¬ 
put capacitance must be charged and dis¬ 
charged during each cycle of the radio 
frequency. Again, as the frequency Increases, 
the reactance of the output capacitance de¬ 
creases. Therefore, with the same value of 
peak rf plate voltage, the current flowing 
through the output capacitance must in¬ 
crease as the frequency increases. The out¬ 
put capacitance of a tetrode is made up of 
the screen grid structure, the plate structure 
and the tube envelope. 

The charging currents must flow over the 
surface of these components of the tube, all 
of which have varying degrees of rf resist¬ 
ance. It Is possible for the charging currents 
to exceed the dissipation rating on the 
screen grid even though the dc meters indi¬ 
cate all is within ratings. It is advisable in 
vhf/uhf circuits, therefore, to try to achieve 
the lowest usable value of peak rf plate 
voltage by using the lowest plate load re¬ 
sistance and drawing the highest plate cur¬ 
rent consistent with desired output power 
and efficiency. Running the tube in this 
manner will lighten the rf stress on the tube 
seals and reduce the rf current in the screen 
grid structure thus providing for a potentially 
longer tube life. 

feedback capacitance 

The feedback capacitance in a grid- 
driven amplifier is the capacitance from 
anode to the control grid. The higher the 
frequency of operation, the greater the 
chance for instability due to rf feedback 
from the output circuit through feedback 
capacitance to the Input circuit. In the 
vhf/uhf region this capacitance and other 
tube capacitances and inductance must be 
adjusted to provide for neutralization by 
added circuit components.^ 

The grid-separation amplifier helps mini¬ 
mize the effects of the feedback capacitance. 
The feedback capacitance in this configura¬ 
tion is very much less than the grid-driven 
case since it is the capacitance from anode 
to cathode with the grid, or grids, shielding 
the output from the input. In some applica¬ 
tions no neutralization will be required. 
Other applications may require quite exten¬ 
sive neutralization.®'^ 
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Di»tribut«d-ampl]ftar 1ub« discustad in liixl. By choosing tho number of controhgrid leads, the designer can 
control lead inductance. The tube in the right-hand photo has a icreen by-pass capacitor installed* Center pin 
it one of the heater pins; the square tab on the capaettor is the other heater connection and the cathode* The 
threaded pint are CDnlrol^grid leads. 



Tube designed for large phesed-array radar 
system. Two of these tubes were used in 
the fOOO-watt 432-MH< amplifier used by 
WAfiLET with a ISO-fool dish for moonboimce 
contacts In 196S* 


circuit and tube-loss limitations 

The power fosses associated with a tube 
and circuit all tend to increase with frequen¬ 
cy* In the vhf/uhf region, alnnosl all radio- 
frequency current flows in the surface layers 
of a conductor because of skin effect (fig. 7). 
The resistance and rf losses in a conductor 
increase with ihe square root of frequency 
because the layer in which the current flows 
decreases in thickness as the frequency in* 
creases* Insulating supports in the tube and 
external circuit have losses associated with 
the molecular movements produced by the 
electric fields. These dielectric losses will 
usually vary directly with frequency. Also, 
there will be additional losses due to the 
radiarior> of energy from the w'ires and leads 
cany'ing rf current. The power radiated from 
a short length of wire carrying current in¬ 
creases as the square of the frequency* 

All these factors contribute to a general 
reduction in lube and circuit efficiency as 
operating frequency Is Increased. In the 
manufacture of power lubes the resistance 
losses are reduced by increasing conductor 
surface area and by proper choice of lead 
materials* Dielectric losses are reduced by 
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selection of envelope and insulating materi¬ 
als. Support insulators are positioned, when 
possible, out of high voltage fields. Radia¬ 
tion losses are reduced by constructing vhf 
and uhf tubes and circuits so as to be totally 
shielded. At times it is prudent to use con¬ 
centric line construction techniques so that 
tube and circuit fields are entirely confined. 

transit-time limitations 

Electron transit-time effects can contribute 
to reduced tube output in many ways. Tran¬ 
sit time is the finite time an electron takes 
in going from the cathode to the grid. If the 
transit time (a function of grid-to-cathode 
distance and grid-to-cathode voltage) is an 
appreciable fraction of one ultra-high- 
frequency cycle, then an electron in transit 
in the grid-to-cathode region might be still 
heading for what was once a more positive 
location than the cathode surface it just 
left, but now finds the grid may be less 
positive or perhaps even negative (fig. 8). As 
a result of transit-time effect in the cathode- 
grid region, there will be a dispersal of "out 
of step" electrons. Because of this dispersion 
of the electron stream, the plate-current 
pulses are not as sharp as the current pulses 
liberated from the cathode. 

In addition, energy is required to accele¬ 
rate the electron towards the anode, and 
this energy is supplied by the driver. As the 
operating frequency is raised, more energy 
is required because the grid-input resistance 
due to transit time varies inversely as the 
square of the frequency. That is, if the fre¬ 
quency is doubled, the input resistance due 
to transit time effects will be one-fourth that 
at the lower frequency. The extra power re¬ 
quired to overcome transit-time loss due to 
grid-input resistance is supplied by the driver 
and appears as lost drive-power—required 
but put to no practical use other than to 
heat the tube seals and waste precious ex¬ 
citer output. 

Paradoxically, transit-time loss and cath¬ 
ode-lead inductance loss (both of which 
cause input loading) are not all evil because 
they often tend to stabilize a "wild" stage. 
Cure of the trouble may lead to higher stage 
gain with the possibility of oscillation and 
instability! 


Circuit loading can be used to achieve 
stability and this is often done at the lower 
frequencies by adding resistors across i-f 
transformers, for example. The circuit de¬ 
signer, therefore, finds that a tradeoff exists 
between loading and stage gain that will 
work to his advantage or disadvantage, de¬ 
pending upon his ability to analyze the cir¬ 
cuit. There is often more than one successful 
path to a proper design and the good circuit 
engineer has several alternative paths (in his 
head, if not on paper) to choose from. A can¬ 
did realization of uhf/vhf effects will help the 
circuit designer obtain maximum power, 
efficiency and reliability from his equipment. 
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solid-state circuits 

for 

single sideband 


More and more 
transistor circuits 
are creeping into 
commercial ssb gear- 
hereare some 
of the circuits 
that are currently 
being used 




Transistors haven't taken over ham equip¬ 
ment as quickly or as thoroughly as they 
have some electronic gear, but semiconduc¬ 
tors of all kinds are steadily working their 
way in. You see more solid-state construc¬ 
tion in homebrew rigs than in commercial 
ones. Nevertheless, when you look over the 
range of ssb equipment now available, you 
find there's hardly a circuit that hasn't gone 
solid-state in some brand or some model. No 
serious ham can help being interested. 

At first, only small size and portability (bat¬ 
tery operation) were the reasons for using 
transistors. But semiconductors have been 
around for 20 years now, and they are more 
reliable and stable than ever before. With 
few exceptions (high power, extremely high 
frequency) transistors can now perform most 
tube functions—and In many cases do a 
better job. Furthermore, the field-effect tran¬ 
sistor (FET) has made high-impedance solid- 
state circuits possible. 

Here are some places you'll see transistors 
in single-sideband transmitters and receivers. 

speech or af amplifier 

The two-stage amplifier of fig. 1 is typical 
of audio transistors used in sideband rigs. 
This circuit is from the Galaxy V Mark 2 
transceiver. Q9 and Q10 are speech amplifi- 
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ers between the microphone and the bal¬ 
anced modulator. Power and frequency de¬ 
mands are modest, and hundreds of inexpen¬ 
sive transistor types can do this job. 

The dc supply hookup is simple—positive 
voltage to the collectors, and emitters re¬ 
turned to ground through stabilizing resistors 
R105 and R109. R106 and R112 drop the sup¬ 
ply voltage to the right collector potential, 
and Cl57 and Cl24 decouple the two stages 
from each other and from the rest of the 
transceiver. 

Q9 gets base bias through R143 and R104, 
with C121 for decoupling. Q10 uses R107 to 
carry base bias; R107 is a voltage divider with 
R108. 


audio output stage 

Audio power requirements aren't stringent 
in ssb receivers; a watt or two is usually 
sufficient to drive the speaker. Many sets use 
a pair of transistors in class-B push-pull ser¬ 
vice—like the one in fig. 2, from the Gonset 
91OA transceiver. 

Since these transistors are pnp types, they 
require negative collector voltage (with re¬ 
spect to emitter). In this hybrid rig, however, 
supply voltage is positive with respect to 
chassis. The collectors of Q10 and Q11 are 
connected to ground through the low dc 
resistance of T5's split primary. The emitters 
go to the 12-volt line through R32, a stabiliz¬ 
ing resistor. The collectors are thus negative 


fig. 1. Microphone omplifier. 
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The audio signal is brought from the mi¬ 
crophone through blocking capacitor C120 
and is applied to the base through a filter 
consisting of R103 and C122. This filter re¬ 
moves any stray rf, but has little effect on 
speech signal. Emitter resistor R105 is unby¬ 
passed; that adds a little degeneration to im¬ 
prove linearity in the stage. The audio output 
from Q9 develops across collector load 
R106. 

Th is output signal is fed to the base of Q10 
through C123. Q10 is a phase splitter, with 
collector and emitter resistors (Rill and 
R109) equal. The collector signal goes to a 
VOX adapter. The emitter signal is fed 
through Cl26 and microphone gain control 
R110 to the balanced modulator. 


with respect to the emitters. Base bias comes 
from a voltage divider (R30-R31). 

The signal from the audio driver stage is 
coupled to Q10 and Q11 by the split second¬ 
ary windings of input transformer T4. The 
collectors feed their output signals to the 
split primary windings of T5. The secondary 
matches a 3.2-ohm speaker. 

crystal bipolar oscillator 

Raytheon's Sideband Engineers SB-34 trans¬ 
ceiver uses a germanium bipolar pnp tran¬ 
sistor as a 456.38-kHz oscillator. On transmit, 
it generates the carrier frequency, and on 
receive it supplies the carrier-reinsertion 
signal. Output from this stage is fed to the 
balanced modulator, which is also the bal- 
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anced detector for receiving. 

The circuit—shown in 3—is a Pierce 

crystal oscillator. Feedback is from collector 
to base via the crystal. 

As in the preceding circuit, the supply 
voltage is connected to the stage in what 
some people call an upside-down arrange¬ 
ment, which is used a lot with pnp transistors. 
The emitter and base are positive with re¬ 
spect to chassis, and the collector is grounded 
(through L11). The collector is thus negative 
with respect to the emitter. 

Base bias is taken from divider R18-R19. 
The emitter stabilizing resistor (R20) is by¬ 
passed by C19, to prevent degeneration. Out¬ 
put voltage is developed by the collector 
across L11. Since the output is untuned, Q12 
is operated class A, with a fairly clean sine- 
wave output. 

fet crystal oscillator 

One advantage of the field-effect transis¬ 
tor (over the bipolar) is that the FET's high 
impedance loads a crystal very lightly, mak¬ 
ing a more stable oscillator. FETs also have 
better temperature stability than bipolars. 

These advantages are put to good use in 
the Drake R-'4B receiver, which uses an 
n-channel junction FET as a calibration oscil¬ 
lator. The circuit is shown in fig. 4. It's anoth¬ 
er Pierce type, with feedback through the 
crystal from drain to gate. C119 is a trimmer 
to allow zero-beating the 100-kHz oscillator 
with WWV. 

R73 returns the gate to ground for dc. 
Source bias is used, and source resistor R72 
is bypassed for rf by C120. Output voltage Is 
developed across drain load R155, decoupled 
by Cl89. Cl88 feeds this rf to a buffer amplifi¬ 
er. C138 lowers the drain-circuit impedance, 


thereby stabilizing the oscillator. The output 
is very high, so the shunting effect of C138 
does no harm. 

Q8 is operated class A and produces a 
clean sine wave at 100 kHz. Other stages 
divide this down to 50 and 25 kHz. The last 
stage produces lots of harmonics, putting 
harmonics every 25 kHz across the bands of 
interest. By rearranging jumpers in the divider 


fig. 3. Pierce type crystal oscillator. 
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stages, the user can get 25-, 50-, or 100-kHz 
markers to calibrate from. 

voltage-tuned vfo 

In the past, vfo's have been LC-tuned, 
usually with an air-dielectric capacitor as the 
variable element. Some new transistor vfo 
circuits, however, use a voltage-variable 
capacitor (also called a varactor or varicap). 
The Gonset 91OA transceiver uses a varactor 
to tune a vfo over the range of 5.5-6.5 MHz. 

The circuit is shown in fig. 5A, and it's 
somewhat complex. Look at how it's redrawn 
in fig. 5B, though, and you'll recognize a 


fig. 2. Class-B audio 
output stage. 
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Colpitts oscillator; C32 and C34 form the 
feedback divider. LI and all those capacitors 
are in series across the divider. 

Q17's collector is negative with respect to 
its emitter, as befits a pnp bipolar. R33 Is the 
load resistor, connected from collector to 
ground. R46 is the emitter stabilizing resis¬ 
tor, and connects the emitter to the positive 
10-volt line. Base bias comes from a divider 

fig. 4. Pierce oscillator us- 
ing a field-effect transistor. 


(R45-R34) between the 10-volt line and 
ground. 

Still referring to fig. SB, note that in the 
tank circuit there is only one variable ele¬ 
ment. This symbol represents six capacitors 
and a variable-capacitance diode. In fig. 5A 
you can see those parallel capacitors on the 
left side of the diagram. C26, C27, and C28 
furnish the bulk of capacitance that resonates 
with LI. C29 and C30 are trimmers for align¬ 
ing the vfo. C31 is a blocking capacitor, so 
the control voltage can be connected to D8 
without affecting the base of Q17. 

A voltage divider (R68, R47, and the vfo 
tuning control), connected from the 10-volt 
line to ground, supplies the control (tuning) 
voltage. As the slider of the tuning control is 
moved, it varies the bias applied to the diode. 
As the capacitance of D8 varies, it changes 
the frequency of the oscillator over a 1-MHz 
range, L2 and C98 decouple the tank circuit 
from the control-voltage line. 

i-f amplifier 

For an example of a simple i-f amplifier. 


look at fig. 6 —the circuit used In Gonset's 
910A transceiver; frequency is 9 MHz. 

You should recognize the upside-down dc 
supply circuit used for Q5, Its collector is 
grounded for dc through T2's primary, and 
the emitter is returned to the 12-volt positive 
line through emitter stabilizer R16 (bypassed 
for rf by Cl2) and the rf gain control. Base 
bias is applied through R58, but is overridden 
during certain signal conditions by voltage 
from the age line. Stage gain is varied two 
ways: by the manual rf gain control and by 
the age line. 

Transistor i-f transformers—such as T10 
and T2—often use a lot of turns on the tuned 
winding (the primary in this case) to improve 
the Q of the tuned circuit. With many turns 
on the coil, the parallel capacitor can be 
small. Also, the slug-type tuning is more 
effective. But, because bipolar transistors are 
low-impedance devices, the primary of T2 is 
tapped at a low-impedance point for the col¬ 
lector connection- The low-impedance base 
of the next stage is fed from a low-impedance, 
few-turn secondary. 

two-way i-f amplifier 

The Raytheon SB-34 transceiver uses a 
novel i-f amplifier stage at 456 kHz. During 
transmission, the stage amplifies the dual¬ 
sideband signal from the balanced modula¬ 
tor and applies it to the mechanical side¬ 
band filter. During reception, the direction 
is reversed. Incoming rf is heterodyned down 
to the 456-kHz i-f and passed through the 
mechanical filter. The i-f stage amplifies 
these signals and passes them to the balanced 
modulator, which then functions in reverse 
as a product detector. 

The circuit of this bilateral i-f amplifier is 
shown in fig. 7. The emitters of the two 
transistors share a common stabilizing re¬ 
sistor (R33) and by-pass capacitor (C29), and 
both emitters are tied to the 12-volt positive 
line. Q5's collector is returned to dc ground 
through the mechanical filter (not shown). 
Q6's collector is returned to dc ground 
through the secondary of T2. 

As you may have guessed, one transistor 
is on during transmit, and the other is off. 
They switch during receive. The swapping 
is done by changing base bias. In the transmit 
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mode, line A is grounded. R31 and R32 be¬ 
come a voltage divider from 12 volts to 
ground, forward-biasing Q5 and turning It 
on. The sidebands of 456 kHz are fed from 
the balanced modulator through T2, and then 
through C28 and R30 to Q5, which amplifies 
them and sends them on to the mechanical 
filter. 

Line B meanwhile is 12 volts positive. Di¬ 
vider R37-R38 has 12 volts at both ends. Q6 
is therefore not forward-biased, and does not 
conduct. 

In the receive mode, line A gets 12 volts, 
which turns off Q5, Line B is grounded, so 
now divider R37-R38 develops bias at the 
base of Q6. Rf coming from the mechanical 
filter goes through C30 to the base of Q6, 
where it is amplified and fed through T2 to 
the ba la nced-modu la tor/product-detector. 

rf amplifier 

In one commercial transceiver, a sim¬ 
ple rf amplifier is used. Its circuit is shown in 

fig. 8. 

The dc circuit is pretty much what you've 
seen before. No emitter resistor is used; the 
emitter is tied directly to 12 volts—although 
it is bypassed for rf by C106. 

Base bias is developed by divider resistors 
R97 and R98; but notice; they're connected 
between the 12-volt line and the age line. 
This keeps the rf stage from overload by ap¬ 
plying age action. 

Rf from the antenna is fed through the T/R 
relay to tuned circuit L17-C129, which is 
broadly resonant across the transceiver's op¬ 
erating range of 49.975 to 54.025 MHz. The 
rf input is tapped down on LI7 to match the 
50-ohm antenna. 

Another tap on L17, a little higher, matches 
the base impedance of Q21. From there, dc 
blocking capacitor C107 feeds the rf to Q21. 

A tap on L16 matches the collector Im¬ 
pedance of Q21. The resonance of tank cir¬ 
cuit L16-C105 is broadened by R95. The rf 
output signal developed across the tank is 
fed through C104 to the first mixer. 

two-way mixer 

Earlier, you saw the two-way i-f amplifier 
used in the Raytheon SB'34 transceiver. The 
same principle is used in that unit's vfo mix¬ 
er. The circuit is shown in fig. 9. 


The dc hookup is about the same as in the 
i-f amplifier in fig. 7. The collectors are re¬ 
turned to ground through T3 and T6, and the 
transistors share a common emitter resistor 
(R45) and bypass (C43). Base bias is devel- 




fig. 5. Voltag«-tun«d vfo; timpior vortion it shown In B. 

oped by dividers from the 12-volt line to con¬ 
trol lines A and B. 

In the transmit mode, Q7 is on; it ampli¬ 
fies the sideband signal, sending it on to the 
hf mixer and ultimately to the power ampli¬ 
fier and antenna. During the receive mode, 

Q8 is on; it amplifies incoming rf and sends 
it to the mechanical filter. 
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But the purpose of this stage is to add the 
vfo output to the i-f signal. The vfo operates 
between 5457 and 5707 kHz. Transformer L4 


the vfo signal, producing a difference fre¬ 
quency of 2289 kHz, which is fed to the next 
mixer stage. 


fig. 6. Simple intermediate-frequency amplifier. 
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couples its output to the emitter-base cir¬ 
cuits of both Q7 and Q8. 

For transmitting, the sideband signal passes 
from the mechanical filter through T3 to Q7. 
There, it is heterodyned with the vfo (5457- 
5707 kHz). The new difference frequency is 
between 3175 and 3425 kHz, and this signal 
is applied to T6. Of course, T6 accepts only 
the specific difference frequency produced 
by the vfo. It's tuned by the A and B sections 
of C48, which are on the same shaft as the 
vfo's tuning capacitor. 

For receiving, the system works in reverse. 
The incoming rf is in the range of 3175 to 
3425 kHz. It's tuned by C48 and T6 and 
passed to Q8. There, it is heterodyned with 


product detector 

In the Gonset 91OA, a transistor is the pro¬ 
duct detector for ssb (a diode is the a-m de¬ 
tector). The emitter-follower circuit is shown 

in fig. 10. 

The rf sidebands around 9 MHz are 
brought through T3, whose secondary is a 
low-impedance link that matches the low 
base impedence of Q7. Cl6 keeps dc out of 
T3 while coupling the rf to Q7's base. A 
steady signal from the 9-MHz crystal oscil¬ 
lator is also fed to the base of Q7, where it 
heterodynes with the sideband signal from 
transformer T3. 

The collector of Q7 returns to ground 


fig. 7. Special i-t circuit passes signal in two directions. 
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through resistor R23, and is grounded directly 
for rf by Cl 9. The emitter is fed dc from the 
12-volt line through load resistor R24. C131 
eliminates any rf that is “hanging on” and 
C20 couples the audio to the volume control. 
Base bias is developed by divider R20-R21. 


through R124 to the base (through R121) and 
the emitter (through R123). The rf gain con¬ 
trol (R122) forms the bottom part of the divid¬ 
er from the 100-volt negative line. All this 
makes the collector positive with respect to 
emitter. 


fig. 8. Rf stage uses tapped 
coils to match transistor im¬ 
pedances. 
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age amplifier 

One transistor age circuit, from the Galaxy 
V Mark 2, is shown In fig. 11. Audio signals 
are fed through Cl37 from the product de¬ 
tector to the base of Q8, This is an npn stage 
which requires positive collector voltage. But 
the collector must develop a negative voltage 
to apply to vacuum-tube grids (the set is a 
hybrid). 

If the collector must be somewhat nega¬ 
tive with respect to ground, the emitter and 
base must be even more negative. As you 
can see, a 100-volt negative line is tied 


Q8 rectifies the audio signal and develops 
a negative dc output across the R125, R126, 
and part of R122. Cl38 and Cl39 bypass 
what audio is left, and the negative dc volt¬ 
age is used to bias the grids of the rf and i-f 
amplifiers. 

Manual gain control for both rf and i-f 
stages is provided by R122. The arm taps off 
a portion of the voltage from the negative 
110-volt line, and applies it to the grids of 
the rf and i-f amplifiers through R126. Only 
if the dc output of Q8 exceeds the amount 
set by R122 does the age take effect. 


fig. 9. Two-directional mixer stage with common oscillator for both receive and transmit. 
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bias regulator through R42). Q2 is biased on and conducts. 

National's NCL 2000 Is a linear power But Q2's collector is tied directly to the 

amplifier in which a pair of power tubes in base of regulator transistor Ql. Also, re- 

parallel furnish 2000 watts PEP when driven member, Ql's collector is tied directly to the 

fig. 10. Emitter-follower product detector. 
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by an ssb exciter. For proper sideband opera- 90-volt negative line. Ql's emitter, which is 
tion, the PA grid bias must be held constant the output element of the regulator, is re¬ 
despite varying line voltage or load changes. turned to ground through resistors R40, R41, 

Fig. 12 shows the circuit that accomplishes and R42—a voltage-sensing divider across the 
this task. regulator output line. C11, C15, C16, CIO, 

A dc supply furnishes 90 volts negative and C49 bypass any transient voltages in the 

directly to the collector of the regulator tran- grid-bias sensing network, 

sistor. This —90 volts is also tied, through When Q2 is on, Q1 is also on, but its base 

R39, to the emitter of Q2, the error amplifier. bias depends on the conduction of Q2. Cur- 

Q2's emitter is held at —18 volts by zener rent flows from the 90-volt negative line 

TO RF TO t-F 

fig. 11. Solid-state automatic gain con¬ 
trol circuit that furnishes control voltages 
for vacuum tubes. 

AUDIO 
FROm 
PRODUCT 
DCTECTOR 


through Q1, and through the sensing divider 
R40-R41-R42 to ground. This places Ql's 
emitter—and the PA grkJ-bias line—normally 
somewhere between —25 and —45 volts 
with respect to ground. 

If the voltage on the grid-bias line changes, 
it affects voltage at Q2's base. Q2 amplifies 
this change and inverts it at the collector. 


diode D9, as a steady reference. Cl7 and C12 
bypass any transient voltages that might be 
too quick for the zener diode. 

The collector of Q2 is also tied to the 90- 
volt negative line, through R38. C6 and C8 
bypass any transients that get into this 
branch. Q2's collector is more negative than 
its emitter or its base (which goes to ground 
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Thus, any error signal is applied to the base 
of Q1. The emitter-collector conductance of 
Q1 changes and restores the original voltage 
at Ql's emitter. The normal bias value is 
adjusted manually by R41, which sets the 
operating point for the base of Q2. 


future of transistors in ssb 

That's a real handful of transistor circuits. 
Most sideband functions, you have seen, can 
be performed by today's transistors or diodes. 
You may have noticed that no rf power stages 


fig. 12, Two-transis¬ 
tor circuit regulates 
power-tube grid bias. 


9/45 LINE TO 
PA GRIDS 



drive indicator 

The Drake R-4B receiver is often used with 
a companion transmitter. When it is, the re¬ 
ceiver vfo is used to excite the transmitter. 
The frequency is then identical for receiving 
and transmitting. 

But if the transmitter were fired up without 
rf drive, the final tubes could be damaged. 
A neon lamp might be used to monitor rf 
drive directly, but the rf level is too low to 
fire a neon. So, a transistor switcher is used 
instead, as shown in fig. 13, 

R150 and R151 form a divider from the 
150-volt line to ground. Q10 is an npn 
grounded-emitter transistor, and is not nor¬ 
mally conducting, so it has a high emitter- 
collector resistance. The lamp stays off. 

When the vfo operates, rf from the first 
mixer stage is rectified by D15; a positive 
voltage develops across R153. This dc is 
applied through R77 to the base of Q10. 
(D17 is a protective diode which shunts any 
negative peaks to ground.) The transistor is 
biased into conduction and becomes a low 
resistance from its collector to ground. The 
neon fires. 



were mentioned here. This lack will soon 
be filled. New silicon "overlay" transistors 
promise up to several hundred watts and 
can work beyond 50 MHz. Some are avail¬ 
able now, but at high cost. In time, though, 
all but the very highest-powered ssb trans¬ 
mitters will be completely solid-state. 

ham radio 
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STACK THESE UP 
AGAINST THE OTHERS. 

This Complete HeatKkit SB-Series 
80 thru 6M Mobile And Fixed Rig 
Costs Only $1936.70 


A bit impracticaJ to install in one place perhaps, but 
so is spending nearly S2000 on new equipment and not 
getting the maximum amount of operating versatility 
and perform a rtce. For the price of a few pieces of 
gear from most others, you can buy every piece of 
SB-Series gear Heath makes, plus both mobile and 
fixed power supplies. Many hams don't have 62000 
handy though, and that's why Heathkit sells each of 
these pieces separately. We believe that you should still 
be able to get a stack of gear without spending a pile 
of money. For performance, versatility and top dollar 
value, the others just don't stack up. 


Th« HP-13 mobilo powar supply lor tha 5B-101 & SB-11OA. 
All to^td-state conttructibir. 7 lb«, 

Ths HP-23A — IJxad pow« iupply icr Ihe SQ.101 & SB-110A. 
Ovurluad and then circuit prolaciion. IS Iba. 

Tha SB-600 -- B Ohm fixed itilion apackcr ta match all SB and 
HW-Sartai oear , 6 Iba. 

Th* $8-610 — S^gl^al Moniior for trdAimilled & racciived AM. 
CW. SSB & RTTV signals 160.6M. 14 fb*. 

Thai SB-670 — "ScsnalyiEW" monitormy band acfivitv up to 
600 kHi each tide end bench letpng trininutten. 16 lb«. 

The SB-630 -- Station Contole with 24 hr. digital clock, SWR 
meter. rauUnihla umw, etc. tO Ibt. 

The SB'64Q — rxterndl i.M0 for the SB'101, The 040/10'^ 
combination will operate in fiva different modn. 9 Ibe. 

The SB'101 — worid'i fmeal 80-10 M iraneceiver. 180 wetta 
PEP SSB input 170 watts CW, 23 Ibt. 

The $B-301 — world'i hneit AM. CW.S5B & RTTY reco-tvef. 
BQ.10 M -FIB MHi WVSI^ coverage. 0.3 uV tentilivity, 25 Ibt. 

The SB-401 — worJefe hnait B0-1Q M irenamitter. 180 waits 
PEP SSB input 170 walti CW, 3flib». 

The SB-200 — worid’e greaieii 80-10 M iinoar value. 1200 
wattt PEP SSB input 1 kw on €W, 41 lb». 

The SB-'tlOA ^ the be« B M ng anywheto. 1B0 wetta. PEP 
SSB input. 150 waits CW. 23 Ibe. 


TOTAL $1936.70 


NEW Free 1969 Heathkit Catalog 

Now with over 300 Hiie deacribed for etereo /hli^fl, 
color TV, electronic organs, emaieur redid, marine, 
educktional, CB, home & hobby. Mall coupon or 
write Heeth Co., Benton Harbor, Michigen 46022- 


HEATH COMPANY, Depi. IZl'l 
Benton Harbor. Michigan 43022 
In Carteda, Oayslrom ttd. 

□ Encloved is < _ 

Please send model _ - _ 

□ Please send FREE Heathkit Catalog 

□ Please send Credil Application. 

Nemfl_ 


plus shipping, 


Address, 


City.^____.State_ 

Prices specifrcaliont sub^t to change without notice 
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mosfet converter 


for 


220 mhz 


You must still 
select 

these semiconductors 
for the higher frequencles- 

but it’s worth it 
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Superior gain characterblic^ of I he metat- 
oxide semiconducior fietd-effect transistor 
(MOSFET) have been exploited in ham-band 
converters for six and two meters In ham 
radio's june and August 1968 issues.^Ah 
though ils gain diminishes slightly between 
200 Mhfz and 3(X) MHZj the MOSFET—partic¬ 
ularly the dual-gate type—is still a fine per¬ 
former at 220 MHz. The deluxe combination 
of low nojse^ high gain and low cross-modu¬ 
lation are packaged in the following solid- 
state converter, which is reasonably easy to 
construct and tune. 

circuit considerations 

The iVj-meter band is more demanding of 
semiconductors than are the lower frequen¬ 
cies. Only by selecting hfgh-quality compo¬ 
nents was it possible to achieve the desired 
level of performance. Much to my surprise, 
the oscillator and multiplier transistors are 
equally as critical as those used in rf stages. 

The first rf amplifier uses an RCA 3N159 
dual gate MOSFET, which is a tow-noise ver¬ 
sion of the RCA 3N140. In using ihe 3N159, 
you achieve the lowest possible noise figure, 
about 2.5 dB. Very low feedback capacilance 
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—less than 0.02 pF—^allows operation with 
no neutralization. The second stage* being 
less critical, uses the 3N140 operating at low¬ 
er gain to prevent overload* 

Two rf stages may be stagger tuned if wide¬ 
band operation is desired* Unlike the two- 
meter converter, which bad to be stagger 
tuned, this converter can have both stages 
peaked on the same frequency. This added 
utility is made possible by using dual-gale 
MOSFET's in both rf stages, with Teflon sock¬ 
ets, lo minimize feedback capacitance* 

Only one change is made in the 3N141 
mixer circuit from that in the 6- and 2-meier 
converters. It is the addition of a neutralizing 
circuit from gate 2 lo ground.*"* The L and C 
resonate at 14 MHz, effectively bypassing 
gate 2 at the intermediate frequency. (Values 
must be changed if output other than 14 MHz 
is employed.) Incoming signals wifi be im¬ 
proved one S-unit or more with this circuit. 
The technique may also be used on the two- 
meter converters* 

Birdies and "garbage'" on 220 have not 
helped to make it a popular band* One way 
to improve the siluatron is to use a high- 
frequency local oscillator as was done here* 
A 2N3476 drives a 103-MHz fifth overtone 
crystal whose frequency is doubled in a sec¬ 
ond 2N3478. Cheaper transistors did not de¬ 
liver enough injection voltage for good gain 
in the mixer. 

I find that the use of back-to-back diodes 
in the antenna circuit is quite controversial. 



Some feel they are essential to prevent burn¬ 
out of the front-end transistors, while others 
say this is not so.* My friend Ed, W2DMR, 
uses a 3N140 preamplifier with no diodes on 
ten meters with a kilowatt. His only isolation 
is a DKGOG relay* He operates within V-i mile 
of another kilowatt on the same band with¬ 
out problems. I have removed the diodes in 
all my converters without mishap, but 10 
watts of rf is the greatest power I've generated 
on any band* Diodes are shown in the sche¬ 
matic for those who care to use them* 

Sometimes rf burnout has been traced to 
slow decay of the transmitter's output, rather 
than the tack of isolation of the relay* In this 
case, large amounts of rf may load the con¬ 
verter during coaxial relay switching* A very 
good solution to this problem is found rn 
delaying the relay, or by using two sequen¬ 
tially operated relays—one for the transmit¬ 
ter; one for the receiver* 

construction 

As with the 6- and 2-meter converters, all 
components were mounted on copper-clad 
printed-circuit board according to the layout 
shown. The board is fastened to a Bud 
CB1626 chassis* Satisfactory operation ts once 
again possible without shields* For those who 
may have forgotten the rules for handling 
MOSFET's, the following should be observed: 

1, Keep MOSFET leads shorted until ready 
to use. (These devices are shipped this way*) 

2, When cutting leads, grasp lead and case 
with fingers to reduce possibility of electrical 
and mechanical shock* 

3* Do not solder or change components 
with MOSFET's in their sockets* [Such a prac¬ 
tice may be acceptable if you use a soldering 
Iron with a grounding system.) 

4* Never insert or remove transistors when 
power has been applied* 

performance plus 

A comparison of this converter was made 
with my Nuvistor converter whose noise 


* Depends on ihe transistors. Quality control and in- 
spection mean different things lo different manufac¬ 
turers* Better use the diodes and be safe. Editor* 
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ig. 1. Schematic diagram of the 220-MHz converter. Capacitors marked BM are button micas; bypass capacitors are discs or laminated ceramics. 

Available from Allied Radio Corporation, 100 N. Western Avenue, Chicago, Illinois 60680. Order catalog number 43F3475. $3.95 each plus postage: shipping weight, 2 ounces. 
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fig. 2. ChftEiis tayout far th» 220-MHz masfat convertar; ttii* chassis, da&igned for Bud CB'162$ chassit/ 


figure is ^jbout 5 dB. The noticeably qureter 
MOSFET's are music to my ears. I find that 
the gain is comparablCi which h not an easy 
achievement with the best of the current 
JFErs. 

While 220 is an orphan band in many parts 
of the U.S., the Mt. Airj' VHF Society has kepi 
it alive in the Philadelphia area. Only one 
station has managed to overload my MOSFET 
converter. (He is hard on the tubes tool) Ad¬ 
mittedly, this is no test for comparison,, but 
I feel the MOSFET is at least as good as the 
proven two-rf-stage 2-meter converter- with 
respect to cross modulation and dynamic 
range. 

mosfet*s and the future 

Only a few of the semiconductor manu¬ 
facturers are manufacturing MOSFET's, and 

*Bud CS-1&26 chaSiais available from AHiad Radio 
Cofporiillon, 100 N, Western Avenue, Chicago, Illi¬ 
nois 600B0. Order catalog nombcT 43E7312, S.55 plus 
poslager shipping wDight^ 17 ounces. 


not all are interested in the dcpletjon-mode 
types for vhf such as the RCA transistors used 
in this series of three articles. Stability prob¬ 
lems of the oxide layer which once plagued 
the MOSFET have been largely solved, giving 
lime for curing the ills of static burnout and 
frequency limitations. 

MOSFET amplifiers at 500 MH^ are prac¬ 
tical now, but high-volume production is 
not in effect on these units. Some feel the 
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Undef-cha»»ii conttruciron of the 220-MHz mosfel converter^ 


upper frequency famil of the MOSFET is 100() 
MHz, but science may soon disprove that 
notion. Even now, Motofola has incorporated 
a layer of silicon niuicfe to eliminate static 
burnout of the oxide layer. 

Fairchild has integrated additional circuitry 
in the MOSFET package to reduce the burn* 
out hazard, while other manufacturers are 
experimenting with still different techniques. 
Presently, there is no simple solution com¬ 
patible with all MOSFET's, but the fact also 
may be changed in the near future. 

The metal-oxide semiconductor field-effect 
transistor answers the challenges of high in¬ 
put impedance, extremely low feedback ca* 


pacitance, high gain, low noise, inexpensive 
construction, wide dynamic range and low 
cross modulation. It is so distinctive that it 
Invites comparison in all rf and many dc ap¬ 
plications. 

references 

1. D. VV. Nelson, ''The WB2EGZ Si3<-M£?ler MOSFET 
Convprter/' hjm r.ujTrri, |une. 1%B, p. 22. 

2. D, W. Nelson, "Ihp Two-Meler Winner," ham 
Mcho. AiikusI, 1%a, p 22 . 

3. H. Wh Kteinman, "'Application of Dual-Gale MOS 
Field Effect Transistors in Pr.ictical Radio Receivers/' 
lilt Transactions on ftroadcasr and TV WpceiVcrj, 
July, m7. 
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NOT FOR THE NOVICE 



THE FT Dx 400 "FULL HOUSE” 


Conservatively rated at 500 watts PEP on all bands 
80 through 10 the FT dx 400 combines high 
power with the hottest receiving section of any 
transceiver available today, fn a few short months 
the Yaesu FT dx 400 has become the pace setter 
in the amateur field, 

FEATURES: Builtun power supply - Built-in VOX 
' Built-in dual calibrators (25and 100 KHz) > Built-in 
Clarifier {off*set tuning) • AN crystals furnished 80 
through the complete 10 meter band - Provision 
for 4 crystal-controlled channels within the ama¬ 
teur bands ■ Provision for 3 additional receive 
bands • Break-in CW with sidetone • Automatic 
dual acting noise limited ■ and a sharp 2,3 KHz 
Crystal lattice filter with an optimum SSB shape 
fartor of 1,66 to 1, 

Desigrt features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection * Switch selected metering - The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 


hybrid circuits designed to optimize the natural 
advantages of both tubes and transistors • Plane¬ 
tary gear tuning dial cover 500 KHz in 1 KHz 
increments - Glass-epoxy circuit boards - Final 
amplifier uses the popular 6K06 tubes. 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
lighted dialSi and heavy steel cabinet finished in 
functional blue-gray. The low cost, matching 
SP'400 Speaker is alt that is needed to complete 
that professional station look. 

SPECIFICATIONS: Maximum input: 500 W PEP 
SSB, 440 W CW, 125 W AM, Sensitivity: 0,5 uv, 
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
KHz (55 db down). Carrier suppression: more than 
40 db down. Sideband suppression: more than 50 
db down at 1 KHz, Frequency range: 3,5 to 4, 7 
to 7,5, 14 to 14.5, 21 to 21,5, 28 to 30 (mega¬ 
hertz), Frequency stability: Less than 100 Hz drift 
in any 30 minute period after warm up. 



CLARIFIER CONTROL —Does the work 
of an external VFO — allows operator 
to vary receive frequency lOKHZ from 
transmit frequency, or may be used as 
an extra VFO combining transmit and 
receive functions. 



SELECT CONTROL — Offers option of 
internal or outboard VFO and crystal 
positions for convenient preset channel 
operation. 

FUNCTION CONTROL—Selects crystal 
calibration marker frequency and de^ 
sired transmit mode of operation. 
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stub-switched 

stub-matched 

antennas 


A simple 

multiband antenna system 

that features 
automatic stub matching 
as you change bands 
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Transmission lines can be used for various 
purposes besides transferring power to an an¬ 
tenna. Depending on the electrical length of 
the line, it can function as a frequency- 
dependent switch, an impedance-matching 
transformer or a reactive circuit element. You 
can devise a number of Interesting antenna 
designs with the first two functions. Normally 
these characteristics are used separately, but 
there is no reason why they can't be com¬ 
bined. 

Before you digest any designs, it's im¬ 
portant to have a clear idea of how trans- 
mission-line sections work as impedance¬ 
matching transformers and frequency-depen¬ 
dent switches. 

transmission line characteristics 

A lossless transmission line one-quarter 
wavelength long will transform the imped¬ 
ance at its input terminals to an impedance 
at its output terminals equal to 

(Zo)2 

where Zo is equal to the impedance of the 
line. 

However, this is only true when the input 



fig. 1. Basic quarter-wave transmission-line 
transformer; limiting cases occur where input 
impedance is either zero or infinite. 
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or output impedance is a pure resistance. 
Although the whys of this impedance trans¬ 
formation can be shown mathematically, the 
proof is somewhat tedious. Perhaps the sim¬ 
plest way to visualize the action Is to remem¬ 
ber that the input voltage and current vectors 
undergo a 90“ phase shift on the quarter- 
wave line. Therefore, their relative amplitude 
values are reversed. If the input impedance 
is lower than the line impedance, the output 
impedance is always higher. If the input im¬ 
pedance is greater than the line impedance, 
the output impedance is always lower. 

Any number of quarter-wave sections can 
theoretically be used in series if one particu¬ 
lar line does not provide the desired trans¬ 
formation. If the transmission line is one-half 
wavelength long, the output impedance is 
the same as the input impedance since this 
is the same as putting two quarter-wave sec¬ 
tions back-to-back. 

The limiting case occurs as shown in fig. 
1 when the input impedance is either zero 
(short circuit) or infinite (open circuit). It can 
be seen from the impedance-transformation 
formula that the output impedance must be 
opposite from the input impedance. With this 
in mind, we can use the quarter-wave trans¬ 
fig. 2. A dipole antenna has re¬ 
active and resistive components 
at harmonic frequencies as shown 
here. 
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mission line as an rf switch. 

However, the switch is frequency depen¬ 
dent. If the input impedance is zero at a fre¬ 
quency where the transmission line is a 
quarter-wavelength long, the output imped¬ 
ance is infinite and looks like an open circuit. 


If line length is fixed and the frequency is 
doubled, the transmission line represents 
one-half wavelength and the output imped¬ 
ance is the same as the input Impedance. 

Therefore, by controlling the termination 
and length of the transm.ission line, it can be 
used as an impedance transformer, a 1:1 im¬ 
pedance transfer element or a frequency- 
dependent switch. 

dipole harmonic operation 

A simple resonant half-wave dipole pre¬ 
sents a pure resistive impedance which 
matches 50- or 70-ohm cable fairly well. If 


fig. 3. A stub-switched and 
-matched antenna for 80 and 40; 
construction is shown in fig. 6. 



the dipole is used at harmonic frequencies, 
its terminal resistance and reactance will vary 
as shown in fig, 2. At even multiples of a half¬ 
wavelength, the terminal impedance is high¬ 
ly resistive with practically no reactive 
component; at odd multiples, the terminal 
impedance is resistive at almost the same 
value as at the fundamental frequency with 
no appreciable reactive component. This is 
the reason you can use a 7-MHz dipole suc¬ 
cessfully on 15 meters with the same feedline. 

To feed maximum power into a dipole at 
any multiple frequency of its fundamental, 
you have to match the antenna's terminal 
impedance. The usual way to do this is to use 
a resonant transmission line and an antenna 
coupler at the transmitter. By using com¬ 
binations of quarter-wavelength transmission 
line sections at the antenna, however, it's 
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possible to obtain multiband operation with¬ 
out an antenna coupler or any tuning or 
bandswitching circuits. The transmission line 
going to the transmitter will still operate at 
a low swr on each band. 

some basic antennas 

Once you understand how the transmission 
line sections can be used, you'll undoubtedly 
be able to come up with designs of your 
own. As a starter, here are some basic de¬ 


horizontal transmission line section which 
was one-quarter wavelength long on 80 
meters is one-half wavelength long on 40 
and presents an open circuit between ter¬ 
minals X and Y. 

The vertical quarter-wavelength section is 
effectively connected between terminals X 
and Y; this section acts as a transformer, and 
its characteristic impedance is chosen to 
match the transmission line to the transmitter. 

Normally, if 50- or 70-ohm coaxial cable 



signs 1 have investigated. 

A dipole which automatically bandswitches 
from 80 to 40 meters is shown in fig. 3. On 
80 meters, the open-circuited quarter-wave¬ 
length sections (shown horizontally) between 
points X and Y effectively short out the ver¬ 
tical quarter-wavelength section. This effec¬ 
tively connects points X and Y together as in 
a normally fed dipole. 

On 40 meters, the flat-top portion of the 
antenna is a full wavelength long with a rise 
in input impedance as shown in fig. 2. The 


is used, the matching section can be made 
from 300-ohm twinlead. The characteristic 
impedance of the horizontal transmission line 
sections aren't particularly important since 
they only perform a switching function. 

The antenna operates as a normal dipole 
on 40 meters; the main radiation remains 
broadside to the line of the flattop with 
about 1.8-dB gain. 

Variations of the same antenna for differ¬ 
ent bands are shown in fig. 4. The antenna 
of fig. 4A is designed for 20 and 10 meters 


fig. 4. Variations of the antenna of fig. 3 for other bands. 



UAX (lO.ShIHi) t/4X (tO.SMHx) 
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and is simply a scaled version of the antenna 
shown in fig. 3. The antenna of fig. 4B is for 
15 and 10 meters but is a bit different. Since 
you can't cut a half-wave dipole for 15 
meters and use it as a full-wave dipole on 
10, a different approach is used. The dipole 
is cut one-half wavelength long on 10.5 MHz; 
this makes it a full-wave dipole on 15 and 
approximately three half waves long on 10. 

If you analyze the switching section, you'll 


0.64 wavelength. A simple two-band antenna 
can also be built as shown in fig. 5B; in this 
design the transmission line section acts as a 
switch. 

construction 

You should observe a few precautions 
when building any antenna. For one thing, 
the physical length of the transmission line 
must take the velocity factor of the line into 


4 ff 



fig. 6. Construction of the stub-switched antenna. The center stub section is looped between terminals AB and 
CE. The coaxial feedline is connected to terminals C and 0. 


find it produces a short circuit on 10.5 MHz, 
an open circuit on 15 meters and a short cir¬ 
cuit again on 10 meters. The antenna is 
matched on 10.5 MHz and while this feature 
has no amateur value, it may be useful for 
WWV reception. Because of the length of the 
flattop, the antenna has about 1.8-dB on 15 
and 10 meters. However, on 10 meters the 
radiation pattern takes the form of a clover- 
leaf characteristic of a 3/2-wave dipole. 

The antenna shown in <ig. 4C is a little more 
conventional although it is basically the same 
as fig. 3. Operation is possible on three bands 
—40, 20 and 15 meters—because the flattop 
is 3/2-wave long on 15 and the transmission¬ 
line switch shorts out the matching section. 

The use of transmission line sections 
doesn't have to be limited to dipoles; they 
can be used just as easily with unbalanced 
vertical antennas. The antenna in fig. 5A is 
basically one half the antenna shown in fig. 
4C. Although it resonates on 40, 20 and 15 
meters, it is mainly useful on 40 and 20 since 
the radiation angle is quite high on 15 meters. 
This is because the vertical radiator exceeds 


consideration (typically 70% for 300 ohm 
twinlead). The line sections shouldn't be 
formed into coils and placed at the center of 
the fiattop since this will introduce spurious 
resonances. It's better to bring both ends of 
the sections to the center of the antenna in 
the form of a drooping "U" as shown in 
fig. 6 and then make all the interconnections. 

The values shown in fig. 2 are typical for 
wire antennas made from number 12 or 14 
wire, if the antenna is made from very thin 
wire and used on 80 meters, the impedance 
values at harmonic frequencies may be higher 
than those shown. In this case it's a good 
idea to put the antenna together temporarily 
without the switching sections and operate 
it on the harmonic frequency; then measure 
the swr to determine if you've picked the 
right impedance for the matching section. 

You should have no difficulty with the 
switching sections if they are cut to formula 
length. The power handling capability of the 
antenna is determined by the rating of the 
transmission line used for the line sections. 

ham radio 
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solid-state 

current-controlled 

tuning 


How to use 
a new 

electronic component 
that adds versatility 
to a number 
of circuits 
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Coming for the most part as fallout from 
military research and development—where 
they have been used for almost ten years 
—are a fascinating line of variable induc¬ 
tors. These inductors are electrically vari¬ 
able, but unlike varicaps, they alter the in¬ 
ductance of a circuit as a control current 
is varied from 0 to 60 mA. 


Cutaway of a typical Vari-L 
current-controllable inductor. 



PERMAN€HT MAGNET 
SIGNAL WINDING 


CONTROL COILS 


CONTROL YOKE 
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One of the circuits developed by the 
Vari-L Company* to demonstrate typical 
applications of the Mite series variable 
inductors is shown in fig. 1. As the control 
current is varied from 0-60 mA, this super- 
regenerative receiver's detector tunes from 
20 to 50 MHz. The audio output can be 
fed to a simple transistor amplifier. 
While the inductor shown presently sells for 
$15.80/ the manufacturer expects produc¬ 
tion costs to fall appreciably as time goes 
on. 


(at zero control current). With the 100-mH 
units, frequency bands of 3 through 30 kHz 
can be covered; with the .05 /^h inductor, a 
250-300 MHz range can be realized. 

When you use these inductors, it's rec¬ 
ommended that the signal winding be con¬ 
nected to the tuned circuit the same way 
as any conventional high-Q coil. Next, it is 
resonated with a suitable tuning capacitor, 
and the control winding is connected to a 
source of continuously-variable current 
(such as a battery and a rheostat). 


fig. 1. Superregenerative receiver using a Vari-L coil. Receiver tunes from 
20 to 50 MHz as the control current is varied from zero to 60 mA. 



how the inductor works 

These tiny variable inductors are two- 
part assemblies. The control winding is 
wound on the support legs of a U-shaped 
ferrite or laminated core. The signal wind¬ 
ing is wound on a ferrite core positioned 
over the open end of the U; this winding is 
used as a tunable coil in a Colpitts 
oscillator or other two-terminal networks. 
When ac or dc current is passed through 
the control winding, it causes the magnetic 
flux to vary—decreasing the over-all perme¬ 
ability of the signal-winding core. 

These Mite-series units are available 
with inductances from 100-mH to .05 ^H 

* Vari-L Company, Inc., 207 Greenwich Avenue, Stam¬ 
ford, Connecticut 06904. 


By varying the current, the operating fre¬ 
quency is smoothly controlled. A tracked 
chain of several units can be controlled 
equally well—tuned to the same or har¬ 
monically related frequencies. The charac¬ 
teristic curve of a typical Mite inductor is 
shown in fig. 2. 

applications 

Since the inductance can be varied slow¬ 
ly or at high speed rates—up to several 
million times per second—command can 
come from just about any^where. It can be 
a manually-operated source, an electronic 
circuit or a transducer. They are useful for 
remote control or closed-loop systems, for 
sweeping oscillators or passive filters and 
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for frequency switching. 

These variable inductors have been used 
in receivers, both in local oscillators and 
gang-tuned rf amplifiers, sweep generators 
of all types from audio to vhf, frequency 
modulators for transmitters, ultrasonic test 
generators and spectrum analyzers. Since 
the unit is sealed, ruggedly built and with¬ 
out any moving parts, field failures are un¬ 
known. Early versions are still going strong 
after 12 years according to the manufac¬ 
turer. 


Additionally, Vari-L is now concentrat¬ 
ing on the development of new uhf vari¬ 
able-inductor designs and resonant-cavity 
units which will extend the useful region of 
the devices into the gigahertz range. This 
should be of particular interest to uhf en¬ 
thusiasts looking for better ways to remote¬ 
ly control their plumbing installations, such 
as preamps/converters that are employed 
at the feedpoints of parabolic dishes and 
corner reflectors. 

One vhf application is shown in fig. 3. 



fig. 2. Characteristics of a typical Vari-L inductor. 



This oscillator tunes from 170 to 240 MHz. 
The frequency is varied by the 60-mA con¬ 
trol current fed to the MP-1 inductor at 
terminal three. The output link is a conven¬ 
tional hairpin located close to the tank 
and adjusted for maximum output at the 
frequency desired. The 2.5-pF variable ca¬ 
pacitor may be a fixed value if only 220- 
MHz operation is desired. Do not substi¬ 
tute other transistors for the 2N1493. 

Another Interesting application is shov/n 
in fig. 4. This circuit provides one milliwatt 
into a 50-ohm load in the 260- to 380-MHz 
range. A Fairchild 2N3563 is recommended 
by the manufacturer, although a 2N918 
can be substituted with good results using 
the same circuit constants. Usual construc¬ 
tion techniques are recommended to insure 
oscillation over the entire frequency range. 
Further, a shielding can is recommended 
for the Mite MP-1. 
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fig. 4. A 260- to 
380-MHz vfo devel¬ 
oped by Vari-L 
engineers to dem¬ 
onstrate the ver¬ 
satility of the MP-1 
Inductor. 
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0- 60mA 

^ CONTROL CURRENT 



Lastly, fig. 5 shows how a Vari-L MK- 
100 inductor can be used in a 5 to 75- 
kHz continuously variable oscillator. With 
the 2N2712 transistors shown, output will 
be on the order of 0.1-volt rms with three- 
percent distortion. Unlike previous exam¬ 
ples, this circuit requires a somewhat lower 
control-current range—zero to 15 mA. Oth¬ 
er transistor types can be used with good 
results, including the 2N4124, 2N4265, HEP- 
54 and GE-10. 

In conclusion, it should be noted that 
Vari-L products are presently not widely 
available at electronic distributors, if you're 
interested, it's suggested that you contact the 


manufacturer directly for literature. Vari-L 
will respond to interested amateurs and will 
ship single-unit quantities by first-class mail. 

references 

1. "Remote-Tuned Superregenerator," Radio-Elec- 
tronici, May, 1967, p. 53. 

2. "Manufacturers Circuit," Popular Electronics, June, 
1967, p. 77. Description of a "Z-Match" unit also 
manufactured by Vari-L, showing application in a 
broad-band amplifier circuit. Readers interested in the 
wide-band transformer should request Bulletin 567. 

3. "Vari-L Condensed Catalogue; Electrically-Variable 
Inductors, Sweep Oscillators, Develoboards," avail¬ 
able on request from Vari-L Co., Inc. 
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fig, 5. Variable oscillator that tunes from 5 to 75 kHz. 
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some notes 


on 

cubical quad 

measurements 


Much has been written, and probably much 
remains to be written, about cubical quad 
antennas. A review of measurement meth¬ 
ods for these popular antennas seems in 
order for those desiring to improve the per¬ 
formance of their quads and for those who 
wish to build one from scratch. 

The basic beam consists of a driven ele¬ 
ment and reflector. Measurement data are 
given here for arrays with n-elements, how¬ 
ever, for those interested in a larger an¬ 
tenna. 

Test equipment includes: 

1. Accurately calibrated receiver 

2. Grid-dip oscillator 

3. Antennascope (rf bridge) 

4. Swr bridge 

5. Signal source capable of providing a 
few watts at the frequencies of interest. 

The accurately calibrated receiver is used 
to check the grid-dip oscillator to obtain a 
frequency reading within one-half percent. 
The signal source may be your transmitter 
or transceiver if power can be reduced to a 
few watts. 

driven element resonant 
frequency 

First, disable all elements except the 
driven element. Open these elements and 
fold the wire back over itself. If you don't 
do this, you'll get several readings on the 
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GDO when it's coupled to the driven ele¬ 
ment, Now loosely couple the GDO by using 
a small “gimmick" made from a male coax 
connector and a short loop of wire. Solder 
one end of the wire to the connector shell, 
and connect the other end to the center pin, 
making a loop about a half-inch in diameter. 

The gimmick replaces the coax on the 
driven element for the measurement. Next, 
raise the antenna as high as you can con¬ 
veniently reach to make the measurement. 
The plane of the antenna should be per¬ 
pendicular to the ground. Find the resonant 
point, using the GDO with very loose cou¬ 
pling, then check the GDO with your cali¬ 
brated receiver. This should give an accurate 
measurement of the driven element resonant 
frequency. If there are other elements to be 
measured, proceed in the same manner. 
Keep a record of the data. 

Cubical quad driven elements are cut ac¬ 
cording to the relationship 

L = 1000/f 

where 

L is the length of wire (feet) 
f is the resonant frequency (MHz) 

Some manufacturers use a constant of 
1005, but the difference, in terms of total 
percent length, is insignificant for amateur 
work. 

On 20 meters, the wire length should be 
changed 5.7 inches for each frequency change 
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of 100 kHz. In other words, if your driven 
element resonates at 14,2 MHz, and you 
want it to resonate at 14.3 MHz, subtract 5.7 
inches from the total length, or about 1.5 
inches from each side (4 X 1.5 = 6, which is 
close enough). 

reflector resonant frequency 

If coils are used In the reflector to lower 
its frequency, simply couple the GDO loose¬ 
ly to the coil, and measure f; it should be 3 
to 5 percent lower than the driven element 
at the point chosen for it's operating fre¬ 
quency. If a stub is used to lower the fre¬ 
quency, couple the GDO to the stub. If you 
can't get a satisfactory reading by this meth¬ 
od, then coil up the wire in the stub to 
make a small loop, and couple the GDO to 
the loop. The loop should be a single turn, 
or even a half turn, to get the correct reso¬ 
nant frequency. If f is obtained by increasing 
the wire length 3 to 5 percent, follow the 
procedure given above. 

director resonant frequency 

An identical procedure is used for check¬ 
ing director resonant frequency. These ele¬ 
ments should resonate from 3 to 5 percent 
higher in frequency than that of the driven 
element. (I use 5 percent.) It's possible, if 
more than one director is used, to resonate 
the first director at 5 percent, the second at 
4 percent, etc. No data have been obtained 
concerning shortening each director from 
the previous one by a fixed amount, but yagis 
are often constructed in this manner, so the 
same reasoning might apply to a quad. 

input impedance 

Couple the antennascope or rf bridge to 
the GDO, and couple the output of the rf 
bridge to the driven element. Set the GDO 
at the desired frequency, and tune for a mini¬ 
mum dip on the rf bridge. Next, read the 
input impedance on the rf bridge. A curve 
may be plotted, if desired, of frequency 
versus input impedance. It will give you a 
good idea on how flat the line really is. Re¬ 
member, loose coupling is used in all mea¬ 
surements in order not to affect accuracy 
due to oscillator pull. 

The coupling line between the rf bridge 
and the driven element should be as short 


as possible, not more than six inches to a 
foot, and should be coax cable of the same 
impedance used to feed the quad. Also the 
reflector and director must be in place, and 
connected, for these readings. The quad 
should be in exactly the same condition as 
it will be when used, except for height above 
the ground. 

front-to-back ratio 

Raise the quad in a vertical position above 
ground and as high as possible. You must 
still be able to reach the reflector coils, or 
the stub, whichever is used. Next, energize 
the quad at the resonant frequency. Point 
the quad away from where the measurements 
will be taken. This may be either a cooper¬ 
ating amateur a few blocks away, or your 
own receiver a few blocks away, or a field 
strength meter a few wavelengths away. 

Now, adjust the stub or the coils (number 
of turns) until a minimum reading is obtained 
on the receiver or field strength meter. Mea¬ 
sure the reflector frequency again, and if it 
isn't within 3 to 5 percent range there is 
something wrong with your measurements 
or your method of measuring. 

standing wave ratio 

In all cases, when using an swr bridge, 
first set the bridge '"wide open," or at its 
most sensitive point. Then feed in just 
enough rf to get a full scale reading In the 
forward direction. Next, reverse the bridge, 
and read the swr. It's not necessary to hoist 
the quad in place to make these measure¬ 
ments. Quads have no open ends and thus 
are quite insensitive to nearby objects. 

If the swr bridges were perfect, it wouldn't 
matter whether the bridge operated at the 
full-power output of the transmitter or at 
very much reduced power. Measuring in¬ 
struments are not perfect of course, hence 
their limitations must be taken into account. 
Remember, too, that when the swr bridge is 
set to read reflected power, it also reads a 
small fraction of the incident power, and 
any stray coupling will affect the accuracy of 
the reading. Also note that the true swr will 
always be lower, but never higher, than the 
instrument indicates. 

A theoretically perfect swr bridge would 
read the same regardless of the amount of 
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power fed to it. In a way, therefore, the 
difference between the full-power reading 
and the reduced-power reading is somewhat 
of a test for the quality of the bridge assum¬ 
ing that no power is leaking to the reverse 
diode. 

Now, let's assume that the actual mis¬ 
match is 2:1 between the feed line and the 
antenna. This is the maximum you can read 
on the bridge regardless of where you in¬ 
sert the bridge into the line. If there is in 
fact a mismatch, you'll obtain a different 
reading everywhere along the line. If the true 
input impedance is 50 ohms, then if you 
measure one-half wavelength from the input 
point, taking the coax propagation factor 
into consideration, the measured impedance 
will be 50 ohms. 

At one-quarter wavelength from the Input 
point the measurement would be either 25 
or 100 ohms, depending upon whether or 
not the quad input impedance was higher 
or lower than that of the cable. However, at 
exactly one-half wavelength from the feed 
point, it would be immaterial what cable 
impedance were used as long as the propa¬ 
gation factor is accounted for in measuring 
the one-half wavelength. 

The reason for this is that the reflected 
voltage, traveling back along the line from 
load to source, meets the incident voltage. 
If these voltages meet at multiples of one- 
half electrical wavelength on the line, the 
voltages will add, because at that instant they 
will be exactly in phase. It is possible, with 
certain line lengths, to get a reading of 1:1 
when the actual swr is considerably greater 
than this. The only way to be sure is to use 
several different line lengths of the same 
cable, and if the swr comes out approxi¬ 
mately the same, then you're reasonably 
sure that the swr is being read correctly. With 
a perfect match the swr will be 1:1 regard¬ 
less of where the meter is placed. 

optimum element spacing 

According to reference 1, the optimum 
gain occurs in a quad with 0.125-wavelength 
spacing between driven element and reflec¬ 
tor. If the spacing is increased to 0.25 wave¬ 
length the gain falls off about one dB. There 
is an infinite number of spacings that may be 


used on any beam, but I found that 0.125 
wavelength between reflector and driven ele¬ 
ment is indeed optimum. (The input imped¬ 
ance is about 50 ohms as well.) I also found 
that a 0.1-wavelength spacing between driven 
element and director, or directors, leaves 
little to be desired. 

It's true that many successful quad users 
space the elements at considerably greater 
distances with possibly some advantages. But 
from a practical standpoint, spacings as in¬ 
dicated above have many advantages also, 
such as a reasonable size structure that can 
be rotated with a rotator of moderate 
strength, and one that can be put on a 
tower of the ordinary ham variety. 

To obtain the excellent performance of a 
multielement quad (unless you want to use a 
boom of 25 to 50 feet), spacings of the order 
of 0.125 wavelength between driven element 
and reflector, and 0.1 wavelength between 
driven clement and directors, are quite in 
order,^-'^ 

references 

1. William I, Orr, W6SAI, "Quad Antennas," Radio 
Publications, Inc., Wilton, Connecticut, 1959. 

2. J. E. Lindsay, Jr., W0HTH, "Quads and Yagis," 
QST, May, 1968, p. 11. 

3. L. W. VanSlyck, W4YM, "How Come?" 73, Feb¬ 
ruary, 1968, p. 14. 
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Sir! Do you realize that you are interfering 
with TV reception in this area? 
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WHEN YOU REACH THAT STATION IN LIFE WHERE 


QUAUTV 6 neUABIllTY 



The ESSCO Model TU'7 Teleprinter 
Demodiiletor is a completely assem^ 
bled, ready to rui> system^ fully wired 
with loop supply^ connectors, tuniing 
indicator^ reversing switch« modular 
tracks, scope outputs, 50 ua zero 
center meter, function switch and 
farnous ESSCO solid state modular 
plug-in unitSv 


MODEL TU-7C 



TU-7B DUAL CHANNEL KIT .$138.25 

TU-7 (As above) Factory wired, tested & guaranteed ..... $163.00 

*TU-7C SINGLE CHANNEL KIT .$132.25 

TU-7D (As above) Factory wired, tested & guaranteed.$156.25 


BASIC CABINET & INDIVIDUAL PLUG-IN UNITS AVAILABLE SEPARATELY 

BASIC CABINET, fully wired, with loop supply, connectors, tracks, tuning indicator, 
reversing switch, jacks and function switch.$39.95 


r 


PRICES OF INDIVIDUAL PLUG-JN UNITS 

KIT ASSEMBLED 

TU'IM, Demodulator . $21.95 . . $31.95 

FS-1, AFSK .$26.95 

PS-3, Power Supply . $16.95 . . $26.95 

BP-1, Band Pass Filter.$ 7.50 

SM-1, Sel. Mag. Driver $24.95 . . $29.95 

W2JAV DESIGNS ARE INCORF^HATED 
IN SOME ESSCO CIRCUITS. 


AVAILABLE THROUGH: I 

E. BUCHANAN & ASSOCIATES j 

Oakland, Callfornta ^ 

STEUAR INDUSTRIES j 

IthwcB, New York , 

__I 


I 



CAMDEN. N. J, 08102 



jflduary 196^> ra 4S 
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A guide to 


better 



communications ... 


1* A direct reading WATTMETER that measures forward 
and reflected power, 

2. Increased power and clarity for voice tfansmission; 
CSP*11 technique, 

3- Four or eight way POWER DIVIDERS; use in reverse to 
sum signals, 

4, Improved receiver sensitivity with these RF AMPLIFIERS 
(three packages), 

5, Ultra-linear, low noise voltage con¬ 
trolled ATTENUATORS, 

6, Frequency conversion 
with hi-rel BALANCED 
MtXERS, 

7* Lower 
priced 
miniature 
BROAD¬ 
BAND 
TRANS¬ 
FORMERS, 




If you're interested in mere facts on these exeitmg new devices send fur out ui Ur i .*ti d u.aj 

sheets , , . or contact a COMDEL representative near you! 


CALIFORNIA 

Henry Radio Co, 

Los Angeles 

Ham Radio Outlet 
Burlingame 

CANADA 

Payette Radio Limited 
Montreal 

CONNECTICUT 

Hatry of Hartford 
Hartford 

ILLINOIS 

Allied Radio 
Chicago 

KANSAS 

Interstate Electronic Supply 
Wichita 


a 



beverly, mail 


MASSACHUSLI IS 

Herbert Gordon Co^ 

Harvard 

NEW HAMPSHIRE 

Evans Radio Inc 
Coiicijrd 

NEW YORK 

Adnoudack Radio Supply 
Ai iisterdHti li 

Hum h Sales Cii 
Wllllill k|- tfllli 

OKLAHOMA 
Radio hii 

1 Ulvi 

WISCONSIN 

Amateur Supply 

MilwduKui 




















novel 

linear 


for 

two meters 


inductive-divider 

input 
and 
toroid 
output circuits 

for 

high efficiency 




Probably ihe easiest way to operate on two 
meters is to buy a ''Two'er/' select a crystal 
for the emergency frequency, then hope 
someone in the nearest large city will hear 
you. Well, with a good beam you might be 
heard; then again, if band conditions are poor 
—forget It. 

I tried to buy a linear for my Two'er that 
would up the output at least ten times, i*e., 
to 30 watts nominal None was available that 
would preserve the audio quality Heath is 
known for and sliM provide a respectable 
signal in the nearest town {which is some 83 
miles way) with anybody on two. 

Obviously, to get the most from the audio 
in the Two'en ABj operation is a must. So I 
built such a linear using a 7984 pentode with 
series-tuned input, ferrite choke loading in¬ 
stead of resistor swamping and a toroidal- 
tank oulput. It gave the needed punch, and 
now Pm heard every day even with 20-dB 
Iropo fadeouts, if the guys on the other end 
are using at least one Nuvlstor ahead of iheir 
receivers. The circuit described is a refine¬ 
ment of an earlier amplifier using a novel in¬ 
put system that puts the power where it's 
needed. 
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CRL-e53 

FINAL AMP 20 



fig. 1. Schematic o^ novel tivo-meter linear amplifier. Although only one power transformer is shown here, the 
author used several small transformers to obtain the required voltages and currents. 


development 

Some of the problems I encountered in¬ 
volved the old TVI hangup. Living in a deep 
vhf TV fringe area, it's impossible to operate 
even class B on two meters. An exception 
might be a rig with a class-B single-balanced 
modulator with very little carrier—but even 
then some TVI would be a problem. In my 
case, however, uhf TV reception in Lexington 
is so popular that a dsb rig with a kW PEP 
final is feasible, but only because people 
hereabouts switch from vhf fringe channels 
to local uhf TV. Of course, anything like 
class C is "verboten." 

I had a surplus of 125-V, 50-mA power 
transformers and several E. F. Johnson vari¬ 
able "M" capacitors. Most of the hardware 
was scrounged from other projects that never 


got off the runway. This included two UG- 
1094/U BNC connectors, 1000 PIV rectifiers 
rated at 750 mA and a Bud CU-622 Converta- 
box for the chassis. 

Having built the linear "a la haywire" six 
months before, I tossed out the phenolic 
Compactron socket for a new mica-filled one, 
doubled the number of transformers, and 
used a newer Convertabox. Everything at last 
fit well, and most of the hole centers were 
eyeballed-in using a steel scriber and fierce 
concentration on a 10c plastic pocket ruler. 
Everyone around Lexington said my old 7984 
bomb was loud, but the newer version was 
even better, and no one at either time could 
hear and see me! 

Except for the parallel-tuned toroid output, 
over-all design of the two-meter linear is 
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siraightforward, and the series input circuit 
is conventionaf except as noted below. If de¬ 
sired, ceramic coil forms could be used and 
a physically 'linear'' quarter-wave line in¬ 
serted in place of the JRN-9 toroids; but tor¬ 
oids keep the circuits small, and more power 
IS coupled into the coaxial output and not 
into the wiring. 

I tried a high-Q quarter-wave line and got 
less out. There is a limit, though, to the use 
of toroids on two meters. After trying un¬ 
successfully to get more than 25 watts mea¬ 
sured output from a high-power f'L-177WA 
amplifier, I have bowed a bit to the conserva¬ 
tive by observing that a practical limit {lube 
dissipation basis) is 35 watts for ICAS operat¬ 
ing conditions. This is all that seems worth¬ 
while for AB^ with the 7894. I did heat up 
some larger cores quite a bit, using the PL- 
177 VVA, but this tube is 40 walls "larger/' 

A new circuit feature is claimed here. As 
you read on you will notice that a grid-load¬ 
ing control is provided, saving lost watts in 
the output by peaking the control grid with¬ 
out a swamping resistor. This is really the 
most important part of what I have to say 
under "development/' because by removing 
that swamping resistor and loading the grid 
only fightfy you gel very high efficiency in 
AB^ and drive high enough lo push the 7984 
to its limit w'ithout an insertion amplifier. 

In fact, before \ accidently found that series 
tuning would give an rf voltage peak of the 
correct impedance at the control grid, I 
thought an amplifier would be necessary. 
Not so! But don't forget the trick is to cenier- 


Undar chissif CDitsIructiAft; 
chaisis is a Bud Convarla- 
box. 



lap the series Inductance and load with 
a Ferroxcube VK-200-10/3B semiconductor 
low-z ferrite choke,* 

layout 

Looking at the photo, from left to right we 
see the input connector, 30M11 input capac¬ 
itor and the slug-tuned grid-loading induc¬ 
tance coil form. Next is the blower and 7984, 
just to the right is the output BNC connector, 
output tuning and bias pot. The rest of the 
controls are as labeled. 

The underchassrs view shows the input 
tuning control; rear, Ferroxcube choke and 
series inductance, shield partition and heavy- 
duty ceramic coupling capacitors (the only 
kind that would handle the circulating cur¬ 
rent} and irifilar output tank circuit wound 
on two Permacor 3/8-inch IRN-9 sample to¬ 
roids,** The rf components occupy only a 

trg, 2. tnput circuit usftd irt the lififlif. 



/77 m 

small fraction of the chassis space. The rest 
of the chassis is used for the voltage-doubling 
power supply and bias-multiplier filters, 

A series-limited neon lamp Is used as the 
pilot and is held with a large Tlnnerman 
speednuL The on/off switch is special in that 
it mounts in a 3/8-inch hole and not in the 
usual 7/16-mch or larger hole, which saves 
buying a punch for just this size. 

• Ordpr from Mr R, WurbAn, FfrrOKCubc Corpor*ilion 
ot AmefkJ, E. Mcirth Avenue, Ntirihlake, Ulinais 
60lfj4. lie L'jch plus shippmj;. 

”Prrni.inir Division of Radio Cores, 9S4() South Tulley 
Avenue, Oak Lawn, lllionis 60453; Number 57-6075 
IRN-t) mjleiijl. 
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Button bypassing is used on both screen 
leads and also for plate circuit decoupling. 
These 240-pF buttons were salvaged from a 
surplus ARC-3. The plate choke is 2.7 fiH, 
chosen for a cutoff of 149 MHz, with prefer¬ 
ence for the higher reactance obtained using 
the Miller chokes as opposed to the Ferrox- 
cube. Remember that the VK-200 series are 
lossy when used with vacuum tube circuits 
for other than this application in swamping 
the grid. Their use In transistor circuits is a 
notable exception, where impedances are 
very low. Twenty pF was the value chosen 
for plate coupling, since two of these will 


a value equal to the input capacity of the 
7984 plus strays. The ferrite choke takes the 
place of, say, a 220-ohm resistor and is more 
efficient when placed at the center of the 
series coil than at the grid proper. By using 
this approach a pole, or impedance maximum, 
is present with the tuning peak, and coupling 
is optimized by varying the inductor slug. 
Reactance is tuned out by the variable ca¬ 
pacitor. 

Fig. 2 is a drawing of the input circuit re¬ 
ferred to above. Series tuning by the M ca¬ 
pacitor is like moving up and down the VK 
200-10/3B choke (made of the popular “bead" 


fig, 3. Different input 
circuits discussed in the 
text: inductive division 
in A, capacitive division 
in B. 






have a series-resonant mode near the two- 
meter band. 

Incidentally, 1 tried to use “dog-bone" ca¬ 
pacitors and disc ceramics with no luck. They 
all burned up. When I switched from these 
to the more expensive ceramics I used pins 
3 and 4 of the 7984 because they carry the 
bulk of the rf load. Pin 5 is fine for dc 
coupling. 

the circuit 

Fig. 1 shows the voltage-doubler power 
supply. Screen regulation is considered a 
myth for AB^ operation using a pentode of 
such excellent structure for rf. If the plate 
voltage should get out of hand, so will the 
screen voltage, tending to reduce the plate 
current; also there's a bleeder and voltage 
divider using a 20k/l0W resistor from screen 
to ground. 

The input circuit is capacity coupled using 


material) from center position as resonance 
is achieved. That is, inductive division, like 
capacitive division, (to quote RCA^) feeds the 
right voltage and current at two-meter rf 
frequencies to match the input admittance 
and susceptance of the high-C 7984. Fig. 3 
shows both tubes. Capacitive effects are rep¬ 
resented by (fig. 3a), with bead choke 
resistance swamping. 

If you'll also look further into the RCA 
Transmitting Tube Manual, you'll notice they 
use only center-tapped series-tuned circuits 
for vhf since strays have already limited that 
fraction of the input which can be capaci- 
tively divided, and varying the slug of the 
coil form is the best way to optimize an input 
circuit like this. 

Other arrangements are shown for high-C 
input vhf tubes (fig. 3B). In general, use at 
least one and one-half times the input capac¬ 
ity of the tube for the series variable, and 
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afsvays center tap the inductance* Also, use 
permeable cores in the form instead of the 
brass slug type, unless extreme bandwidth, 
lowered Q and extra power are available* Use 
of solenoid-w'ound rf chokes for class-C 
and -B operation is recommended, but use 
ferrite for 1 1 nears that don't draw grid current, 

operation 

I used this linear for over a year without a 
blower, and have never had difficulty with 
it. It has a measured output of 12 watts (with 
a new 7984) in AB^ and wilt go to ABo if the 
bias is set loo low* (You can tell by listening 
for distortion in the monitor,) For ABj as op¬ 
posed to class C where the input power is 
specified, I chose plate dissipation as a more 
accurate gauge for rating, times the book 
value for theorelical efficiency, i.e„ 33®/o of 
a maximum rating of 35 watts dissipation, 
which would be about 12 watts output. 

On the air I say *'50 waits/' and this can 
be measured as input in the usual manner* 
My goal is 2000 watts dc input to two 
4CX1000's in ABj* Though of questionable 
legality, this would give no more than 660 
walls output, like the class-C boys, with vir¬ 
tually no TVI, 

references 

1. ■"'fiCA Tube Mjni/dt," TMi6 edition* 
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NOISE BLANKER 
wisrcoM 


WESTCOM 


ENCINEEHING COMPANY 


Westcom Engineering Is now offering the TNB 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB>250 Noise Blanker effactivsly sup^ 
presses noise generated by auto Ignitions, 
apptiances, power tines, etc*, permitting the 
recovery of week QX and scatter signals norm¬ 
ally lost in noise. 

Features Include modem solid state design 
techniques utilizing dual-gate MOS FET transis¬ 
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans¬ 
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro¬ 
vide eitcellant cross-modulation charactaristlca 
in strong signal locations* 


TNB-250 shown Installed on Swan 250 by means 
of the pre-punch ad accessory holes, 

TNB-250 I29.9S ppd* 

(Priced well below that of a VOX accessory. 
Can you afford not have onaf) 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting In the coax 
between converter and receiver. 


Choice of IMS, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 40, 20, 
or 10 meter converter output. 

Model TNB $29,95 ppd. 

Refer to the New Products column of the 
August ^68 issue of Ham Radio Magazine for 
additional Information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For fast Air 
Mail add $,80) C.Q.D. orders acceptad with 
$5.00 deposit. California residents add sales 
tax. 

Alt products era warranted for one year anil 
offered on a satisfaction guaranteed or return 
basis. 


F. O. Box 1504 San DiegOt Cal. 92112 
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more ohmmeter 
troubleshooting 

Last months I explained how to use your 

ohmmeter for safe troubleshooting. Before 
I ran out of space, I reviewed series and 
parallel paths and also told you how to get 
accurate readings on your ohmmeter. 

I hope you learned to recognize the "odd" 
series-parallel paths I described. When 
you're tracking down a fault in some receiver 
or transmitter, how easy it is for you depends 
on how well you spot the resistance paths 
that aren't always obvious. This month, I'M 
start off by telling where you might find some 
of those paths. 

hidden resistance paths 


leakage currents, and you can drive yourself 
nuts sorting out the true paths. 

Fortunately, these two paths follow known 
behavior patterns. If you know the patterns, 
you can figure out if you're being misled. 
Here are some of them. 

1. In power-supply paths. The leakage re¬ 
sistance of most electrolytic capacitors is 
nearly 50k. Learn to allow for it when you're 
checking resistances along B-plus lines. The 
diagram in fig. 1 shows power-supply paths 
in one receiver schematic (simplified, of 
course). 

Suppose you clipped the common lead of 
your ohmmeter to ground and the test lead 
to the plate of V4. Since there is no apparent 
path to ground, you might expect to read 
an open circuit, or infinity. Instead, you read 
around 600k. As you can guess, the ohmme¬ 
ter is reading the resistance of R13 plus the 
leakage resistance of the power-supply 
capacitors. 


There are two small parts most likely to 
cause false ohmmeter readings: electrolytic 
capacitors and transistors. Electrolytics are 
part of all power supplies and are used for 
decoupling along dc supply lines. In either 
use, they often get in the way of ohmmeter 
tests. Transistors foul up ohmmeter readings 
because of their "diode" nature. To make 
matters v^orse in transistor equipment, many 
coupling capacitors are electrolytic. They mix 
their leakage currents with the transistor 


2. Allow for diode action. Suppose the 
reading from the plate of V4 to ground is 
almost exactly 470k. What does that mean? 
Maybe a short in one of the electrolytics? To 
check, you move the test lead to the junction 
of R3-C4. A very low resistance there seems 
to mean there's a shorted electrolytic. 

But before you jump to a false conclusion, 
reverse the test leads: put the common lead 
on the R3-C4 junction and the other (red) 
lead to ground. The low reading disappears! 
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It's confusing, isn't it? 

What happens is that the voltage of the 
ohmmeter battery causes the rectifier diodes 
to conduct and give the low reading. When¬ 
ever the negative side of the ohmmeter bat¬ 
tery (sometimes, but not always, the red test 
lead) is touched to the cathode end of the 
rectifier, the ohmmeter reads the diode's for¬ 
ward resistance (which is low). An ohmmeter 
thus connected from R3-C4 to ground might 
read through R1-R2-R3 and the diode. Con- 


The pnp transistor is wired up as a mixer. 
Suppose you connect your ohmmeter across 
R1 to measure it. instead of the expected 
4.7k, you read about Ik and figure R1 is bad. 
However, if you reverse the ohmmeter leads, 
you measure 4.7k. How come? 

The base-emitter junction of a pnp tran¬ 
sistor is forward-biased when the base is 
negative and the emitter is positive. If you 
connect the test leads the wrong way, the 
ohmmeter reading includes the base-emitter 



fig. 1. Power-supply from a popular receiver. It’s simplified, to make tracing easy. If you must troubleshoot 
such a set, you can draw a simplified diagram like this to help you “see” the circuit branches. 


nected to the plate of V4, the same ohm¬ 
meter might read 470k almost exactly, since 
the Ik (approximate) resistance of the R1-R2- 
R3-diode path is tiny by comparison. In either 
case, reversing the test leads eliminates the 
false path. 

3. Consider transistor leakage. A form of 
diode action takes place in transistors. That is, 
the ohmmeter battery can forward-bias a 
transistor junction and make it draw current. 
The ohmmeter then reads the junction re¬ 
sistance as well as whatever circuit-path re¬ 
sistance you're measuring. There's an ex¬ 
ample in fig. 2, 


resistance (100 ohms or so). It is in series with 
R3, and both are in parallel with R1. The re¬ 
sult: a wrong measurement. 

How about when you measure R2? There 
should be no diode action between base and 
collector. What would you think, then, if you 
tried measuring R2 and got a 40k reading? 
Another hidden path is probably the cause. 
Fig. 2B shows the possible cause: leakage 
through the power-supply electrolytic capac¬ 
itor (which may not even be drawn at that 
location on the schematic). The path 
through R4, the capacitor's leakage, and R1 
lowers the resistance read by an ohmmeter 
connected across R2. You can thus get an 
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erroneous reading, even if the transistor is 
normal. 

A significant clue, though it might fool you, 
is the fact that reversing the ohmmeter leads 
in this case doesn't change the reading. The 
trouble is therefore not diode action. 

4. Watch out for paths drawn elsewhere. 

The path just described is a common ex¬ 
ample. There are others harder to spot. One 
is shown in fig. 3. 

The situation in fig. 3A is apt to be over¬ 
looked in tube circuits. The trouble is that 
schematics show only the common power- 
supply connections. If there happens to be 
a ground path somewhere else on the 
schematic, you can get a low ohmmeter read¬ 
ing you can't account for. 

In fig. 3A, for example, if you measure 
from the plate of VI to ground, the voltage- 
divider network in the screen circuit of V9— 
which may be drawn at the other end of the 
diagram—causes an incorrect reading. (It 
should be infinity.) Even if you disconnect 
the power-supply capacitor, the too-low 
reading persists. The equivalent circuit is re¬ 
drawn in fig. 3B to show how the circuit looks 
to the ohmmeter. (R9 has no effect, since it 
does not go to ground.) 

You'll run into this voltage-divider situa¬ 
tion more often in transistor sets than In tube 
equipment. Base-bias and emitter-bias divid¬ 
ers are standard practice. They cause trouble 
only when they are in parallel with each 
other but are widely separated on the 
schematic. 

5. Something else to watch for in transistor 
circuits is shown in fig- 4. This one can fool 
you for several reasons. First, there is the 
diode action of the base-emitter junction. 
Second, there are parallel paths created by 
the power-supply electrolytic (not shown, as 
usual). Third, the parallel path depends on 
where you connect the ohmmeter. 

The four rearrangements of the circuit 
show what the ohmmeter ''sees" as it is con¬ 
nected between ground and each of the four 
points: A, B, C, and D. Anytime you have 
trouble figuring out paths, redraw them the 
way I have these. 

From A, the ohmmeter should measure 
either about 850 ohms or about 4.6k. The 


diode is the reason for the alternative. One 
way, the ohmmeter makes the diode conduct 
and measures its forward resistance plus R4; 
the other way, it reads only the resistance of 
R1, since the diode can't conduct. The re¬ 
sistances of R1, R2, and R3 are comparatively 
so high, they have little effect even though 
they are in parallel. 

From B, the ohmmeter should measure 
about 35k. The diode shows little effect, be¬ 
cause R1 and R4 are relatively small corn- 




fig. 2. Hidden parallel paths in a transistor circuit. 


pared to R2. The ohmmeter therefore reads 
about the same either way. The 68k-72k is in 
parallel with the (approximate) 77k. 

From C, there are several considerations. 
First of all, you don't have to worry about 
the effects of R2, R3, and the power-supply 
electrolytic. They are so much larger than R1 
that the 4.7k is the only resistance that can 
affect that leg of the circuit. The diode action 
of the base-emitter junction is important, 
though. Connected one way, the ohmmeter 
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reads only the 820 ohms of R4. Connected 
the other, it reads slightly less because diode 
action puts R1 in parallel; around 750 ohms 
seems about right. 

From D, the ohmmeter mainly reads the 
value of leakage in the power-supply elec¬ 
trolytic—about 30k. The much higher values 
of R2 and R3 isolate any action of the base- 
emitter junction, or the effects of R4 or R1. 
The condition of the electrolytic determines 
exactly what the ohmmeter reads. 


3. If you're still looking for the reason for 
a low reading, see if you can find any other 
parallel paths drawn elsewhere on the 
schematic diagram. If you don't find any, 
you are probably on the trail of the fault. 

what to do about parallel paths 

There are times when it's faster and easier 
to eliminate the effects of parallel paths or 
to get around their effects some way. Once 
you spot a wrong reading, track down the 


fig. 3. Sometimes a 
parallel path is hid¬ 
den by the way the 
schematic is drawn. 



knowing the cause of wrong 
readings 

These general descriptions of where to 
look for "hidden" parallel paths also sug¬ 
gest ways to deal with them. When your 
ohmmeter readings are different from what 
the schematic leads you to expect, here are 
some quick steps to run down the cause. 

1. If a reading is low, reverse the ohm¬ 
meter leads. If the reading increases, there's 
diode action in the circuit, which may be 
caused by a diode, a power-supply rectifier, 
or a transistor. In unusual cases, slight dif¬ 
ferences may be traced to electrolytic capac¬ 
itors that don't "form" under reverse polarity. 

2. If an ohmmeter reading starts low and 
builds up slowly, an electrolytic capacitor is 
causing it. This is the normal charging action 
of the electrolytic. Reversing the ohmmeter 
leads gives a lower reading, which builds back 
up again to the higher one. The reading is 
anywhere from 25k to 50k, depending on the 
condition of the electrolyte in the capacitor. 
The charging action is what you watch for. 




guilty parallel component. You can't always 
figure it out from Ohm's law, either. 

One of my first suggestions is: Don't make 
resistance measurements with respect to 
ground. Don't clip the common lead of your 
ohmmeter to ground. Make each measure¬ 
ment between specific points in the circuit. 

As an example, think about a circuit like 
the one in fig. 1. You can clip the common 
ohmmeter lead at the junction of R2-R3, and 
measure the branches through R9, R11, R4, 
etc., directly. That way, you eliminate any 
effects from power-supply electrolytics. To 
measure in the branch that starts through R5, 
you can clip the common lead at the junction 
of R5-R1 and eliminate any diode-action 
problem with the rectifiers. 
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And so on. By making point-to-point meas¬ 
urements, you don't have nearly so many 
parallel paths to consider. Also, as you move 
the main test lead on out a branch, it's easier 
to figure out the effects of added circuit re¬ 
sistances. Analysis is much simpler. 

My second suggestion is to disconnect un¬ 
wanted parallel paths when they get in your 
way. This happens seldom, if you plan your 
point-to-point measurements. But when it 
does happen, it's usually simple to unsolder 


and test each part in the circuit—one at a 
time. It takes time, but if you've done your 
preliminary testing right, there aren't too 
many parts to test. At least you'll have nar¬ 
rowed the trouble down to one small sec¬ 
tion of the circuit. 

in dangerous circuits ... 
the safe way 

I brought up resistance measurements in 
the first place to explain how to trouble- 



fig. 4. How the circuits "look’' to the ohmmeter 
depends on where it is connected in the circuit. 

a parallel component or branch. 

On printed-circuit boards, you can often 
unsolder just one lead. Or, use a single-edge 
razor blade to slit across the foil and dis¬ 
connect a circuit branch; that's easily re¬ 
stored afterward by a solder "bridge" across 
the tiny slit. 

My third suggestion is to pull a tube or 
transistor out of its socket if you think it's 
fouling up your attempts to interpret resis¬ 
tance readings. Transistors that are soldered 
into their printed-circuit boards aren't that 
simple, yet can be handled without much 
trouble, just unsolder the base connection (or 
slit the foil as already described). 

In a circuit that contains a FET (field-effect 
transistor), unsolder the gate connection and 
the source connection. You can get low- 
resistance readings through some FET chan¬ 
nels, even when the gate is disconnected. 

My fourth suggestion for dealing with 
parallel paths is a last resort. When you can't 
analyze a circuit any other way, disconnect 



shoot transmitters without exposing yourself 
to dangerous high voltages. Hunting a fault 
in the "live" plate circuit of an ssb linear can 
be a real pain in the neck. You need a special 
meter to measure high voltage, and usually 
you can't even reach test points without 
cheating a bunch of interlocks. There may be 
an overcurrent relay, too, or an undercurrent 
relay. In other words, the practical way to 
troubleshoot is with the transmitter or linear 
completely disconnected from power, and 
opened up. For that, you need ohmmeter 
measurements. 

The plate circuit of a commercial linear 
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amplifier is shown in fig. 5. Mainly, you check 
for continuity. However, you can disconnect 
the power-supply lead and make measure¬ 
ments between ground and points in the 
circuit. 

If an interlock switch isn't working, your 
measurements show it. The normally open 
(n.o.) switch is there to short out high voltage 
across the capacitors when you open the 
transmitter compartment. At the same time, 
the normally closed (n.c.) interlock switch 
removes applied voltage. Start your tests with 
power disconnected and the interlocks 
pushed in the way they would be with the 
compartment closed. 

If everything's normal, you should get a 
low resistance reading from the plate cap of 
either tube to the clip that connected to the 
power-supply terminal. Check the opening 
and closing of the overcurrent relay with 
your finger. An open choke, tuning tank coil, 
relay contact, relay coil, n.c. interlock, or 
metering resistor (R1) spoils continuity, but 
each one is easy to track down. Just clip your 
common ohmmeter lead to the power-supply 
clip, and work your way to the tube plate- 
caps with the other test lead. 

A shorted or leaky by-pass capacitor {Cl, 
C2, C4) shows up when you connect your 
ohmmeter, set for its highest megohms range, 
between the plate-cap and ground. Be sure 
the PA current meter is not connected; it 
could be an unseen parallel path. Disconnect 
the power-supply clip, too, for the same 
reason. Set the ohmmeter to its lowest range 
to test the n.o. interlock switch; it should 
read zero ohms to ground when the cover 
is off the transmitter high-voltage compart¬ 
ment and infinity with the cover in place. 

In high-voltage circuits, especially the ones 
that carry high-energy rf, certain troubles 
only show up when the circuit is energized. 
For example, capacitor C2 or Cl might break 
down under high-voltage stress, yet test okay 
by the ohmmeter. The only sure test is to 
remove it from the circuit and substitute 
another one. This is costly, though, when the 
capacitor is an expensive one, such as a bath¬ 
tub type. For these unusual cases, there are 
some special tests I'll talk about in a future 
column. You can make these tests without 
working inside the "live" transmitter or linear 
amp. 


individual parts tests 

As a wrapup for this two-month coverage 
of ohmmeter tests, here are some parts tests. 
Usually, these tests are made with the part 
disconnected from its circuit. When other 
tests and resistance readings point to a par¬ 
ticular part, the final test is of the part itself. 
The following tests are quick and dependable. 

Test resistors and potentiometers by mea¬ 
suring their resistance. For potentiometers, 
also check how smoothly the resistance 
changes. Connect your ohmmeter between 
one end lug and the center lug, and turn the 
control shaft slowly; any unusual or sudden 
resistance change means you need a new 
control. 

Test ordinary capacitors by measuring with 
the highest range on your ohmmeter. There 
should be absolutely no leakage (infinite re¬ 
sistance). Touch the two capacitor leads to¬ 
gether for a moment before applying the 
ohmmeter. Capacitors above 0.01-^^ show a 
slight charging "kick" of the ohmmeter point¬ 
er, Those that don't are probably open. A 
shorted capacitor reads zero ohms between 
the two leads. 

Test electrolytic capacitors by applying the 
ohmmeter leads in first one direction and 
then the other. Settle for the connection that 
gives the highest reading. It should exceed 
30k, but not go beyond 60k or so. If it's too 
low, the capacitor is leaky. If it's too high, the 
capacitor is becoming ineffective. Notice how 
long it takes to "build up" to the highest 
ohmmeter reading. If it takes more than 3 or 
4 seconds, the capacitor needs replacing. 

There are three tests for coils and trans¬ 
formers. Test them first for continuity of 
windings. The schematic diagram may list 
the dc resistance of each winding; if some 
turns are shorted, the reading will be much 
too low. If a winding is open, the ohmmeter 
shows nothing. 

Test coils and transformers second for 
leakage between windings. Use the highest 
ohmmeter range. Even several megohms—an 
awfully high resistance—is no good between 
transformer windings; they should be totally 
isolated (infinite resistance). 

Test coils and transformers third for leak¬ 
age from windings to ground. With the trans¬ 
former mounted as usual but with all its leads 
disconnected, clip one ohmmeter lead to 
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ground and touch the other to each winding 
lead. There should be infinite resistance, since 
each winding should be totally isolated from 
the frame of the coil or transformer. If you 
think maybe the coil frame isn't grounded, 
clip one ohmmeter lead to the frame and 
touch the other to each winding. There 
should still be no reading. A reading other 
than infinity indicates leakage. 

Test a relay by checking its coil the same 


makes speakers and headsets "pop." The 
ohmmeter pointer should show very low re¬ 
sistance for speakers and a few hundred 
ohms for headsets. 

Test microphones in one of three ways, de¬ 
pending on type. For carbon microphones, 
connect the ohmmeter across the element 
leads and whistle into the mike. The reading 
should vary with each whistle. If it stays 
steady, the granules are packed and the ele- 


fig. 5. High-voltage 
circuits are where re¬ 
sistance troubleshoot¬ 
ing serves best be¬ 
cause dangerous volt¬ 
ages are gone. 



way you test a transformer winding. Check 
the coil for continuity; if you know the dc 
resistance, measure it. If the ohmmeter reads 
infinity, the relay coil is open. Then check the 
relay contacts, with the Rxl ohmmeter range. 
Normally closed contacts should measure 
zero ohms when the relay is at rest; at the 
same time, normally open contacts should 
measure infinity. Push the armature in with 
your finger. The normally open contacts 
should measure zero ohms that way, and the 
normally closed contacts should measure 
open (infinite resistance). 

Test speakers and headsets by measuring 
them with the Rxl ohmmeter range. Listen 
as you make the ohmmeter connection; the 
voltage of the ohmmeter battery usually 


ment needs replacing. If the ohmmeter reads 
infinity, the mike cord is probably open, or 
the element is making poor contact. 

For dynamic microphones, the exact re¬ 
sistance depends on the impedance of the 
mike. However, there should be some sort 
of reading, even if an input transformer is 
used inside the mike. Also, if you listen, 
there is usually a "pop" in a dynamic mike 
when you connect or disconnect the ohm¬ 
meter. 

For ceramic microphones, the easiest test is 
to connect the ohmmeter and listen for a 
slight "click." The ohmmeter shows a resist¬ 
ance reading only if the mike is defective; a 
good ceramic or crystal mike reads infinity 
resistance. 
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Finally, connect the ohmmeter across the 
push-to-talk leads, and operate the button on 
the mike; a zero-ohms reading when the but¬ 
ton is held means the p-t-t contacts and wires 
are okay. 

Test diodes by measuring them first one 
way and then the other. A diode should mea¬ 
sure low resistance in one direction and high 
resistance in the other; if the two readings are 
closer together than 100-to-1, the diode is 
probably bad. Power-supply rectifiers usually 
measure 100-200 ohms in the low-resistance 
direction; other types measure much lower. 

A conventional bipolar transistor should 
show high resistance between emitter and 
collector, no matter which way the ohmmeter 
is connected. Between the base and emitter, 
however, resistance should be low in one di¬ 
rection and high in the other—just as in a 
double. If the base-emitter resistance is high 
in both directions, the transistor is open; if 
it's low in both directions, it's shorted. If re¬ 
sistance between emitter and collector is 
lower than several thousand ohms in either 
direction, the transistor is probably useless. 

A field-effect transistor normally shows low 
resistance between drain and source—usual¬ 
ly no matter which way the ohmmeter is 
connected. It should show extremely high 
resistance in one direction between gate and 
drain, and fairly high in the other direction. 
A M05FET, sometimes known as an IGFET, 
should show infinite resistance between Its 
gate and any other element, no matter which 
way the ohmmeter is connected. 

next month 

Everyone has his pet way to troubleshoot. 
In past repair bench columns, I've shown you 
several ways. You've read about signal trac- 
ing, signal injection, and now resistance mea¬ 
surement. 

The best commercial technicians use sev¬ 
eral methods in various combinations that fit 
particular servicing problems. In my next 
column. I'll talk about one that is probably 
the most common: voltage testing. When a 
part goes bad, it usually upsets the dc op¬ 
erating voltages in its circuit. Those voltage 
changes, if you know how to interpret them, 
are a valuable clue to what part is bad. Next 
month, you'll find out how. 

ham radio 


RCA 

has all-new 
FCC 

commercial 

license 

training 

Get your license— 
or your money back / 

Now RCA Institute* Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans —You can pay for les¬ 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you’re interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course—while de¬ 
signed for Commercial license qualification — con¬ 
tains much of the new material called for by FCC 
Docket 15928—advanced and extra class you'll 
want to qualify for before November of 1969. QRX 
until you get the information. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 



RCA INSTITUTES. INC. 

Dept. HR-19 

320 West 31st Street, New York, N.Y. 10001 


Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 

Name_ 

Address_— 

City_State-Zi p- 
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propagation 


predictions for January 


Late reports that reached me in October In¬ 
dicated that ionospheric critical frequencies 
were not much higher (about 10%) than 
predicted by ESSA. Peak values at Raratonga 
in the Cook islands (latitude 21® S, longitude 
160® W) rose to almost 15 MHz, compared 
to about 20 MHz during the peak of previous 
cycles. Local midnight critical frequencies 
have been running as high as 12 MHz, how¬ 
ever. On the West Coast, peak values of 
critical frequencies have been running as 
high as 11 MHz, again about 10% higher 
than predicted. 

We have reports of 50 MHz F2-layer open¬ 
ings during the first half of October between 
Hawaii and the Marshall Islands, South 
America, Mexico, and even (weakly) the 
West Coast of the United States; also be¬ 
tween Japan and the Marshall and Cook 
Islands. Transequatoriai scatter propagation 
between Hawaii and the Cook Islands was an 
almost nightly occurrence. However, the 
big, strong signal F2-Iayer openings into 
temperate latitudes hoped for this fall have 
so far been absent. 

Quite a few six-meter operators have been 
missing a good bet by not running more 
nightime schedules with and listening for 
beacon stations in the southern hemisphere. 

I was pleasantly surprised during the latter 
part of September to hear ZKIAA's beacon 
station on 51.022 MHz three nights in a row 
between 11 PM and 1 AM local daylight 
time. He was weak, both here and in South¬ 
ern California at W6NLZ, but you'd never 






have guessed that 51 MHz was open to the 
South Pacific by monitoring the low edge of 
the band. 

the active sun 

Let's continue our discussion of the sun, 
which last month stressed its stability. The 
sun rotates in the same direction as the 
earth. An observer at the north star would 
see both the sun and earth rotating in a 
counterclockwise direction as the earth re¬ 
volves counterclockwise around the sun. 
Thus the solar surface rotates from our east 
to west. Since the axis of the sun is inclined 
7® to the ecliptic, we are able to see the 
sun's North pole only from June to De¬ 
cember. 

The sun does not rotate as a solid body— 
the equatorial regions rotate faster (25-day 
period) than the polar regions (30-day peri¬ 
od). It is this equatorial acceleration and 
the presence of a general magnetic field that 
is the cause of the solar cycle. The sun's 
general field penetrates the surface only in 
polar regions (greater than 55® latitude) and 
is called a poloida! field. The intensity of the 
poloidal field is about 1 gauss, compared to 
fields of 0.24 to 0.61 gauss observed on the 
surface of the earth. At solar latitudes less 
than 30®, the general magnetic field is con¬ 
fined to a sheath of about 5% of the solar 
radius. At the equator, the general magnetic 
field is believed to have an intensity of about 
5 gauss. 

The motions of ionized media (plasma) 
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are closely coupled with the magnetic and 
electric fields. Relative motion between a 
plasma and a magnetic field is inhibited since 
such motion would produce an electric field 
which would result in large current flow 
(since the plasma is an excellent conductor). 
Therefore, the plasma is forced to move 
along magnetic field lines; otherwise the 
magnetic field is dragged along with the 
plasma. 

The differential rotation wraps the sub- 
photospheric field lines around the sun to 
form a toroidal field. The toroidal field 
strength continually rises as the field lines 


Sunspots are believed to develop in pores; 
a pore is a small (1000- to 2000-mile diam¬ 
eter) moderately dark area which may occur 
anywhere on the sun and has a normal life¬ 
time of a few hours. Only pores within cen¬ 
ters of activity develop into sunspots. The 
surrounding hotter plasma tends to flow into 
a pore, carrying its magnetic flux along and 
concentrating it. 

As the magnetic field strength grows, 
convection from lower hotter levels is de¬ 
creased, the surface temperature drops, and 
the spot grows. At full development, the 
spot may be 20,000 miles or more across and 


fig. 1. Smoothed sunspot 
numbers with latitude of 
maximum occurence (the¬ 
oretical). The south po- 
loidal field reversed near 
date A, and the north po- 
loidal field reversed near 
date B. 



DATE 


are stretched and crowded together like a 
rubber band that has been wound up tightly. 
When the magnetic field strength reaches a 
critical value of about 250 gauss, tubes of 
magnetic flux may ''bubble up" through the 
photosphere to form bipolar magnetic re¬ 
gions. It is in these "centers of activity" that 
sunspots, solar flares and filaments occur. 

sunspots 

Sunspots are visible as small dark areas on 
the solar disk. They appear dark because 
their temperature is only about 3000® K 
compared to 6000® K for most of the photo¬ 
sphere. The low temperature is due to the 
presence of high magnetic fields (about 3000 
gauss) which inhibit convection. 


consists of a dark umbra surrounded by a 
penumbra with very fine radial filamentary 
structure. It may last from as short as a few 
days to as long as a hundred. 

The appearance and motion of sunspots, 
bipolar magnetic regions and other solar 
activity follow an eleven-year cycle, or, more 
properly, a twenty-two year cycle, since the 
magnetic fields reverse every eleven years. 

Sunspots tend to occur at high solar lati¬ 
tudes early in the 11-year cycle and at low 
latitudes late in the cycle. The distribution 
of spot latitude vs age of the cycle follows 
a curve of 

1.5 

sin 0 = ± - 

n + 3 
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where 0 is the latitude of maximum occur¬ 
rence and n is the age of the cycle in years. 
This theoretical curve is plotted on fig. 1 
along with the observed Zurich smoothed 
sunspot numbers from April 1954 to Decem¬ 
ber 1967 and ESSA predicted smoothed 
sunspot numbers through 1970, 

Over 84®/o of the sunspots occur in bipolar 
pairs. The preceding and following (with 
respect to solar rotation) spots have opposite 
magnetic polarity, and the preceding spot is 
closer to the equator. In the opposite hemi¬ 
sphere, the magnetic polarity of preceding 
and following spots is reversed. The preced¬ 
ing spot has the opposite polarity as the polar 
field in the same hemisphere at the begin¬ 
ning of the cycle. This is consistent with the 
theory of spot development from the twist¬ 
ing of the polar field due to equatorial ac¬ 
celeration. 

The preceding spot is generally larger and 
has more magnetic fiux (by a ratio of 3:1) 
than the following spot. Sunspots rotate 
about their axes (which are tilted in the 
forward direction) in the direction of the 
Coriolis force* (counterclockwise in the 
Northern Hemisphere, clockwise in the 
Southern Hemisphere). In general, however, 


* Usually defined as a deflecting force acting on a 
body in motion (as an airplane or missile) due to 
the earth's rotation. In this case it refers to the force 
on a sunspot due to the sun's rotation. 


JO* 


fO* 
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LOCAL TIME 

fig. 3. Maximum rang# to tha north duo to absorp¬ 
tion. 

the sunspots are calm magnetic lands in a 
sea of great turbulence that forms the rest 
of the bipolar magnetic region and (he whole 
of the solar disk by comparison. 

Sunspots are a secondary phenomenon 
since the bipolar magnetic region forms 
first; they themselves do not radiate in¬ 
creased ultraviolet and x-ray emission that 
affects the earth's ionosphere. In fact, the 


fig. 2. Timo ehnrt of 
maximum uaabla fraquon- 
ciai for January, 1969 
cantarad on 90° Watt 
longituda. 
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MAXIMUM RANGE (MILES) MAXIMUM RANGE (MILES) 



LOCAL TIME 


fig. 4. Maximum range to the northeast (top time 
scale) and to the northwest (lower time scale) due 
to absorption. 
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LOCAL TIME 

fig. 6. Maximum range to the southeast (top time 
scale) and to the southwest (lower time scale) due 
to absorption. 
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LOCAL TIME 

fig. 5. Maximum range to the east (top time scale) 
and to the west (lower time scale) due to absorption. 



s 0 2 4 6 a o 12 t4 16 18 20 22 24 
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fig. 7. Maximum range to the south due to absorp¬ 
tion. 
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total radiant energy output per unit area in 
a sunspot may be only a tenth of normal for 
the solar disc. 

Sunspot numbers** are by no means as 
accurate an index of solar activity as you 
might wish, since they are somewhat artificial 
in nature. For example, a large sunspot pair 
somewhere on the solar disk would result in 
a Wolf number 12; add an insignificant 
small spot somewhere else on the surface, 
and the Wolf number becomes 23, a jump 
of almost a factor of two. This artificial na¬ 
ture of the sunspot numbers is one of the 
reasons for the poor correlation between 
monthly sunspot numbers and monthly aver¬ 
age ionospheric critical frequencies. The 
answer is a better index of solar activity, 
such as the combined area of all the sun¬ 
spots, or of bipolar magnetic regions, or 
(now that we have space probes) of the 
magnitude of the ionizing radiations that 
affect our ionosphere. 

metamorphosis 

The magnetic flux lines joining the two 
poles of a bipolar magnetic region may ex¬ 
pand outwards to great distances in the 
corona—and may break away with the flow 
of plasma away from the sun. As the solar 
cycle progresses, the preceding regions of 
flux migrate towards the equator and neu¬ 
tralize each other; the following regions of 
flux migrate towards the poles where they 
first neutralize the old poloidal field and 
then from a new poloidal field of reversed 
polarity. The energy for maintaining and 
concentrating the magnetic flux comes from 
the kinetic energy of differential rotation. 

The reversal of the poloidal field takes 
place near the maximum of the solar cycle, 
but strangely enough, both poles need not 
reverse simultaneously. At the peak of sun¬ 
spot activity in the southern solar hemisphere 
in the middle of 1957, the southern poloidal 
field reversed, but the peak of sunspot ac¬ 
tivity and reversal of the poloidal field in the 
Northern Hemisphere did not occur until the 
end of 1958. These reversals left the poloidal 
field of the sun parallel to that of the earth. 

** Sunspot numbers were discussed in detail in the 
November, 1968 issue ot ham radio, page 72. 


One or both solar poloidal fields may have 
already reversed this year. 

propagation for January 

A time chart of predicted 4000-km F2- 
layer muf for January 1969 is given in fig. 2. 
Maximum range versus time of day charts 
for 160 to 20 meters are shown in fig. 3 to 7. 
The first half of January will be a repeat of 
December with conditions becoming more 
like those of November as the month pro¬ 
gresses. It will be a great month for high- 
frequency propagation in the Northern 
Hemisphere from frequencies as low as 1.8 
MHz at night to as high as 40 MHz during 
the day. 

The 50-MHz operator aspiring to WAC is 
now wishing that (in addition to a kilowatt, 
a big beam and hilltop location) the location 
was south of 30° latitude and that he had 
enough time to keep the band under con¬ 
stant surveillance. With that, we offer a salute 
to those dedicated chaps who keep beacon 
stations running in Rhodesia, Mexico, Hawaii, 
the Cook Islands, Australia, and Japan, 
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State of the Art in ’69P or... 


It wouldn't transceive *. . and it was btg and 

heavy , ,, But. . . KGCTV's 1959 station 

was designed for DXing and contesting , , * 

and it was a joy to operate! 

REMEMBER WHEN . . 


YOUR DREAM RECEIVER 

* offered a choice of really steep 
skirted selectivities? ■ let you slice off 
adjacent-channel QRM or set the audio 
passband to your taste with a single control? 
* tuned anywhere in the band indepen* 
dent of the transmitter? 

AND THE TRANSMITTER 

"didn't overheat if you held the key 
down for five minutes? ■ had effective 
speech clipping built in? ■ keyed silently 
and cleanly for instant CW break-in? 
"could be ''spotted" exactly where you 
wanted it? " band-changed as easily as the 
receiver? " used rugged, high linearity 
output tubes for SSB? 

AND BOTH OF THEM 

"completely covered ail ham bands 
from 160 through 10 meters in convenient, 
full mega'cycle" ranges? • read out 
frequency simply and unambiguously to a 
kilo'cycle"? 

2200 


Of course, hardly anyone who's enjoyed the 
convenience of transceiving on sideband is 
likely to give it up, and none of us really 
want to wrestle ninety-pound desk-crushers. 
But is it necessary to sacrifice performance 
and convenience features that were readily 
available a decade ago? 

TODAY at SIGNAL/ONE we believe that 
"state-of-the-art" equipment ought to be at 
least as convenient and effective in every 
respect as were the "separates" of the "good 
old days". We're demonstrating that convic¬ 
tion with a smooth blend of sophisticated 
modern engineering plus traditional ham 
ingenuity—bringing you a superb new line of 
NO COMPROMISE equipment—a new cri* 
ter ion for the next decade m amateur radio^ 

Performance , ,, Convenience , ,, Quality ., . 

"/f Speaks for Itself" 


A Division of ECl/An NCR Subsidiary 


Anvil Street N, ’St. Petersburg, Florida 33710 




january 1969 [JJ 65 

















antenna and rotator 

preventive maintenance 
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Most amateurs agree that the antenna sys¬ 
tem is the heart of any station. Much has 
been written on the emphasis that should 
be put on erecting the best possible radiating 
system to compete on the crowded bands, 
rd like to add some footnotes to the anten- 
na literature in the area of preventive main¬ 
tenance. 

The initial investment in an antenna and 
rotator is substantial. How many times have 
you heard fellows say on the air, ''Sorry, my 
antenna's stuck on Europe. Big storm passed 
through, and I haven't had a chance to go 
up the tower and fix the rotator." With a lit¬ 
tle care and forethought, you can ensure re¬ 
liable operation during the worst weather, 
even if you use the more inexpensive equip¬ 
ment. 

The following notes explain how to avoid 
the disappointment and down time that can 
occur with stuck rotators and vibrating an¬ 
tenna elements during the winter months. 

the antenna 

It's pretty discouraging to come home, an¬ 
ticipating an evening of hamming, and find 
your pride and joy in bits and pieces all over 
the back yard. Beam antenna elements are 
usually made of aluminum alloy. Unless 
they're given the proper treatment, they just 
won't withstand the rigors of weather. Air¬ 
frame manufacturers know this—aluminum 
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alloy is used oxlensively in this applicaiion. 
Where in ihe aircraft the aluminum rs used 
determines the amount ar\d type of treatment 
it's given before installation. 

Most amateurs don't have the facilities for 
giving aluminum the correct treatment for 
withstanding environmental effects. The 
treatment is quite involved and includes 
chemical and electro-chemical techniques. It 
is quite expensive, also, if used for small 
quantities of metal 

One thing you can do, before hoisting 
your antenna to the top of your tower or 
mast, IS give it several coats of zinc chromate 
paint. Put on as many coals as you can, and 
work it into every nook and cranny. For each 
coat of zinc chromate properly applied, you 
can count on at least six months of corrosion- 
free operation. 

Now let's look at metal fatigue caused by 

vibration. 


Tifl K imill weight on the end pf the 
twine end drop it through the etemenl. 


(he ground after a storm. Those hairline 
cracks radiating from the break are a result 
of cr^slallzalion. 


Hold ths twine in place with 
e rubber fool, lennii betl or 
iponge rubber belt. 




vibration proofing 

All that's needed to dampen antenna ele¬ 
ment vibration is some sisal twine and some¬ 
thing with which to plug the ends. Measure 
the length of all your elements plus a little 
extra, say a foot or so. Drop the twine 
through each element, and secure the tw'ine 
with rubber caps over the element ends. A 
tennis ball is good. It may look a little 
strange, but W'ho cares what the neighbors 
ihink? It's solid enough to make a good seal 
and will hold the iwine securely. Make sure 
there's no moisture in the elements. The 
twine will dampen the vibration by chang¬ 
ing the bending-mode frequency to some 
harmless low value. 

Another method is to pack the elements 
loosely with spun glas^, Wear gloves when 
handling this stuff, though, because rt can 
he pretty treacherous. It can penetrate your 
skin and cause all sorts of agony. Your boom 
can be sealed with a sponge rubber ball a 
little larger in diameter than the boom. Use 
Ihe twine ireaimenl here, also, and pull it up 
lightly. It wil! help keep your beam on a 
straight course and ease your jangled nerves 


taming the elements 

No pun is intended in the heading of this 
part of the story. Every time your antenna 
sings in the wind, it's doing something other 
than playing a 8-flat chord. Tiny cracks de¬ 
velop in the metal They get larger, and as 
I he element Ices up, the added weight ioads 
(he metal. Vibrallon causes the metal to 
ciy^stalize with resulting fatigue. Take a close 
look at your lubing the next time it falls to 
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when your hear the wmd wailing at 3 a,m. 
I'd like to emphasize that the spun glass 
musi be packed into the tubing loosely. If 
It's packed too tightly you will zap the ele¬ 
ments 

Another way of damping clement vibra¬ 
tions is to fasten several rubber or plastic 
strips to the end of each element. Since the 
mechanical impedance of any rod-like ele¬ 
ment is high at the free end^ an energy ab¬ 
sorber at the end of an element will reduce 
the amplitude of vibration and minimize 
breakage. The energy absorber can be made 
from a five- or six-inch length of garden 
hose, split lengthwise every 90® and held at 
the end of the element with a hose clamp. 
These simple energy absorbers are most 
effective if they are clamped at the very end 
of each element^ but to prevent changes in 
element electrical length and impedance, 
they should be placed so the free ends are 
about two inches in from the ends of the 
elements. 


the rotator 

Lots of stories have made the rounds about 
whether TV antenna rotators are strong 



Rotator and reducer. The reducer is Aluminum; large 
end is 2-t/16" id diemeler and small end is 1Vi'^ 
dtemeler to fit inside mast,. The holes running later¬ 
ally were drilled through the mast te bolt the two 
together,. Arrow points to one el four shoulders that 
may have to be filed off unless shims ere used to 
center the reducer* 


enough to support amateur beams. The 
photos show my AR22 rotator, which was 
purchased, used, in 1963. Ai that lime it had 
been in use for six months, and IVe been 
using it constantly since. The reason it's 



The top o1 the AR22 with reducer in 
piece. The ruler was leroed on the cen¬ 
ter* Right under the 1Vi-inch mark you 
can see the Br>d ol one U-boll as it ap¬ 
peared with the rotor in the first direc¬ 
tion; then it was rotated IflO® and the 
U-bofts show again. 


down now is because I'm insialling a new 
tower and two stacked five-element Cush- 
craft beams. 

Given half a chance, I find that the AR22 
rotator is very satisfactory. The secret is to 
eliminate I he tremendous moment arm 
caused by a large mass of metal on a long 
lengih of mast above ibe rotator. Add lo this 
the simple fact, someilmes overlooked, that 
any rota lor must be perfectly centered with 
respect to its mast. Unless the correct diam¬ 
eter mast is bolted to the rotator, ihe eccen¬ 
tric rotation will load the rotator bearings, 
and youVe got problems. 

The AR22 manufacturer say that iVy-rnch 
diameter pipe is correct. Maybe so, but I 
found this isn'i I rue for my rolalor* In my 
case, a diamelcr of two and one-sixteenth 
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inches is correcL I had a piece of afuminum 
stock turned down to this size, then had it 
stepped down above the rotator clamps to 
slip inside a lV?-Inch mast. 

It may he necessar^^ to fife down the edges 



The heod or umbrella clnmpad on 
to the mast directljf above the 1hru£t 
bearing, which is out of sight and 
out ol the weather; il's mounted on 
the plate welded to the tower cross- 
sections. 

of the shoulders where the U-boIts come 
through to properly seat the aluminum re¬ 
ducer. I didn't have to, though. 

The picture with the ruler has been pur¬ 
posely double exposed to show that the re¬ 
ducer (s^ in faci, centered In the rotator. I 
made the first exposure with the rotator 
pointed In one direction, then I turned it 
exactly IBO degrees and made the second 
exposure. Note that there's no visible devia¬ 
tion al the end of the reducer. If there were, 
iw'O disllnct centers would show, and two 
outer edges would also show. 

the thrust bearing 

A thrust bearing iocaied somewhere be¬ 
tween the top of the rolalor and the top of 
the lower lakes all the weigh I off I he rolalor. 


The only load on the rotator will then be 
turning torque, which is as it should be. 

If the thrust bearing is exposed to the 
weather, it's going to get loaded w'ilh snow 
and Ice. (California amateurs can skip this 
part. However, does anyone know what smog 
does to aluminum?) I made a copper urn* 
brelfa to cover the thrust bearing, as shown 
in the photo. It slips onto I he mast and is 
fastened with an ordinary automobile radia¬ 
tor hose clamp. The same idea can be used 
at the top of the lower where the mast en¬ 
ters the tubing. 

Instead of a copper umbrella, you could 
wrap a piece of soft rubber around the mast 
and secure it w'ilh the same type of hose 
clamp. This will form a skirt to keep out the 
weather. Be sure the skirt flares at the bot¬ 
tom, else it might get loaded with ice and 
Slick to the tower. It might help to lubricate 
the mast-skirt interface with low-temperature 
silicone to avoid this minor problem, 

ham radio 


those doys before spark... 



''Yuh csn'l cpn^t get thru a pilflup Mkfii that . . , 
yuh gotta belter chance au1 here on the edge.'* 
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VALUE ANALYSIS 




From 80 meters . . . 



SWAN 508 
FULL COVERAGE 
EXTERNAL VFO 


The Model 508 frequency Control 
Unit is designed for full coverege 
of 80, 40, 20, 15, and 10 meters. 
It provides for transmitting and 
receiving on separate frequencies, 
and piugs directly into the back of 
the^ 50DC. A separate Ouaf^VFO 
adaptor is no longer required, since 
the relay corttrol circuitry is built 
into the 508, A panel controf per¬ 
mits selection of ^O's so that op¬ 
eration may be transceive mode 
with the 50DC VFO, transceive with 
the 508 VFO, or transmit on the 
500C and receive on the 508. The 
Model 508 features eight ranges of 
500 kc each, with 5 kc calibration. 
It may also be used with the 350C 
transceiver, 

$125 



MARS OSCILLATOR 


Ten crystal controlled channels 
with vernier frequencyo control. 
Plugs directly into Model 500C and 
may also be used with Model 350C 
and other Swan transceivers. 


MODEL 510X 
(less crystals) .. $45 


SWAN SPEAKS 
YOUR LANGUAGE 


SWAN 500C 
FIVE BAND 
TRANSCEIVER 


80 through 10 meters • 520 
watts • Home station, mobile, 
portable operation « SSB CW* 
AM, 


The new model 500C is the latest 
evolutionary development of a basic 
well proven design philosophy. It 
olfers greater power and additional 
features for even more operator en^ 
joyment. Using a pair of the new 
heavy duty RCA 6LQ6 tetrodes, the 
final amplifier operates with in* 
creased efficiency and power output 
on all bands, PEP input rating of the 
500C is conservatively 520 watts. 
Actually an average pair of GLQS's 
reach a peak input of over 570 watts 
before flattoppingf 

The 500C retains the same superior 
selectivity for which Swan trans- 
ceivers are noted. The filter is made 
especially for us by C'F Networks, 
and with a shape factor of 17 and 
ultimate rejection of more than 100 
db, it is the finest filter being of* 
fered in any transceiver today. 

For the CW operator the 500C in* 
dudes a built-in sidetone monitor, 
and by Installing the Swan VOX Ac* 
cessory tVX*2J you will have break in 
CW operation. 

Voice quality, performance and re* 
Irability are in the Swan tradition of 
being second to none. 


$520 




ELECTRONICS 

OCEANSIDE, CALIFORNIA 
A Subsidiary oi Cubic Corp 


SWAN 117XC 

MATCHING 

AC POWER SUPPLY 


Domptete A.C. supply for 117 volts 
50*60 cycles, in a matching cabine 
with speaker, phone jack, and Indi 
cator fight. Includes power cabh 
with plug for transceiver, and A.C 
line cord. Ready b plug in am 
operate. 


$10E 



SWAN 14<117 
12 VOLT DC SUPPLY 


Complete D.C, supply for 12 vol' 

)le 0 


mobile or portable operation. In 
eludes cables, plugs, and fuses. Wjl 
also operate from 117 volt A.C, b) 
detaching the D.C. module & pluggini 
rn 117 volt line cord. Negative 
ground standard. Positive grounc 
available on special order. 


$130 


PHONE PATCH, 

Model FP-1.$46 


ASK THE HAM ... 
WHO OWNS ONE 































VALUE ENGINEERING 

... to 2 meters 


cwAN i>*inr 
SIX METER TRANSCEIVER 


We are proud to announce production of the deluxe model 250C* 
new contender for top honors on the 6 meter band* The 250C Is 
built to performance standards of the highest order, including a 
receiver front end employing dual Nuvistors in cascode with a 
noise figure of less than 3 db* Deluxe features Include a built in 
250 KC crystal calibrator; *S' meter; selectable sideband; vernier 
control of the megacycle tuning range: and accessory sockets on 
the rear apron to receive the model 210 external VFO, the new 
Swan Noise Silencer and the VX‘2* 

The famous model 250 is a consistent winner in VHF competition 
—The 250C is designed to set new records! We are confident that 
the 250C will satisfy the most critical requirements of the serious 
VHF operator* 


SPECIFICATIONS: 


One of the main reasons Swan 
maintains its position as the 
leading manufacturer of ama^ 
teur radio equipment is our 
dedication to the principles 
of Value Analysis, and Value 
Engineering* 

We continually examine our 
products to find ways of 
improving their performance, 
reducing costs, and making 
them better values* As new 
components are developed in 
the electronic field, we an¬ 
alyze them to see how they 
can be used to improve the 
performance of our trans¬ 
ceivers* 

The most recent results of 
ouf Value Analysis and Value 
Engineering are shown on 
these pages: The 500C 5 band 
>SB Transceiver, our new Ex¬ 
ternal VF0,the5]0X Mars Os¬ 
cillator, and introducing our 
new 6 Meter Transceiver, the 
250C. 

Yet with all the improve¬ 
ments, the increased reliabil¬ 
ity, and proven performance, 
Swan's Value Engineering re¬ 
sults in substantially lower 
prices than competitive 
equipment* And every piece 
of Swan equipment is backed 
up by service second to none* 

Value Analysis, Vatue Engi¬ 
neering keep Swan in the 
lead. Visit your Swan dealer 
soon. 


• Frequency Range: 50^54 MC 

• Power Rating: 240 watts PEP 
Input in SSB mode, ISO watts 
CW Input, 75 watts AM input 

• Two 6146 B Power output tubes 

• Distortion Products: down ap¬ 
prox* 30 db 

9 Unwanted Sideband: down more 
than 40 db 

• CarrrerSuppression; better than 
50 db 

• Receiver Noise Figure: Setter 
than 3 db, with two GCW4 nu- 
vistors tn Cascode 

• Selectivity; 2*3KC at 6 db down, 
with crystal lattice filter at 
10.9 MC. 

• Antenna Matching: Wide range 


• Receiver Mode switch provides 
for AM reception 

• Accessory sockets for noise 
silerjcer, external Vf O and VOX 
unit 

ACCESSORIES: 


MATCHING AC 
POWER SUPPLY 

Model 117XC_ J105 

12 VOLT DC SUPPLY 

Model 14-117 *.**.*$130 

SWAN NOISE SILENCER 

Model HS-1 ******.$36 

EXTERNAL VFO 

Model ZIO.*.$120 


Pi network. 


PLUG-IN VOX UNIT 


♦ Metering circuits: S-meter on 
Receive mode, PA. Cathode 
Current and relative output in 
transmit mode. 


Model VX-2 ******.$ 35 

PHONE PATCH 

Model FP4 .******$ 46 


• 250 KC Crystal calibrator 2KW LINEAR AMPLIFIER 

• Selectable upper and lower Model 6B* With power 

sideband supply **********.***«* *$660 

AND FOR 2 METERS 
SWAN TV2 TRANSVERTER 

A receiving and transmitting converter, which may be used with 
the 250C or 500C to operate in the 144-148mc band* Provides 
240 watts P. E. P* transmit power, and low noise receiver front 
end with Nuvistors in Cascode* 




ELECTRONICS 
OCEANSIDE, CALIFORNIA 
A Subsidiary o! Cubic Corp 
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Tompkins Radio Products has just an¬ 
nounced a new squelch control for noise-free 
monitoring on hf and vhf Tunaveriers, This 
makes it possible to have receiver squelch 
performance with an economical converter. 
The solid-state squelch circuit doesn't need 
any connections fo the a^m broadcast radio 
or the converter other than the coaxial feed¬ 
line. 

This new urtil features complete electronic 
control without relays and has a fully adjust¬ 
able squelch setting. It Is available in two 
models—the model ST that fastens to the 
bottom of a Tunaverter or the model SU 
which has its own mounting bracket. Fur¬ 
nished complete with connecting cable for 
$17.50 (model SU $1 extra). For more infor¬ 
mation^ write to Herbert Saleh and Company, 
Marketing Division of Tompkins Radio Prod¬ 
ucts, Woodboro CTI, Texas 78393. 


amateur and swi receiver 



Allied Radio has recently announced a new 
solid-state receiver for amateurs and swPs, 
the A-2515. This new five-band receiver tunes 
all the amateur bands from 80 to 10 meters, 
international shortwave, aircraft, marine and 
the standard a-m broadcast band. The bands 
covered are 150-400 kHz, SSO-lbOO kHz, 
1.6-4.8 MHz, 4.8-14.5 MHz and 10.5-30 MHz. 

A total of 24 semiconductors are used in 
the circuit with two field-effect transistors in 
the front end for maximum sensitivity and 
low noise. Four mechanical filters provide 
sharp station separation. The noise limiter and 
age reduce noise, blasting and fading. The 
built-in bfo and product detector give good 
reception of CW af>d ssb. The illuminated 
slide-rule dial has calibrated bandspread for 
the amateur bands; an S-meler is included on 
the front panel. Other features include a 
push-pull audio stage with a thermistor for 
low distortion, provisions for receiver muting 
and a headphone jack. 

The receiver is equipped with dual power 
supplies, one for 117 Vac and the other for 
12 Vdc, so the receiver may he operated from 
house current, autos, boats or camp sites. 
$99.95 from Allied Radio Corporation, 1CX) 
North Western Avenue, Chicago, Illinois 
60680. 
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TALK POWER 



The AutoLevel is the ultimace io volume compftssors. This unique device provides all the talk power 
your transmitter can use. The AutoLevel was designed for use with SSB or AM transmiccers, with of without 
ALC capabiiities. 

The AutoLevel is not an audio or RF clipper - all compression is attained by a photo-optical regulator 
which provides 14 dB's of compression with a minimum of wave form disioriiotL 

The AutoLevel is easily installed in the mike line, and it contains its own powet supply; (there's no 
need to bother with batteries), h can also be used with your phone patch for the utmost in ease of operation- 
When you're ready for the finest^ ask your local dealer for the AutoLevel. 


SPECIFICATIONS 


dB*m compression » 14 dB minimum 
Wove form distortlonnegUble 

Input Impedonce - suitable for dynamic or crystal microphone 
Output impedonce — SOK (nominal) 

Power supply -^115 volts AC 

AUTHORIZED DEALERS (listed 


Dimensions - 2-3/4'* s4*11/16" s 0-3/8" 

H W D 

Welghti- 52 ounces 

Color Done White with Black front panel 

Price - 187.50 

alphabetically) 


AMATlUft ELECTRONIC SUPPLY 

4828 W, Fnnd dw Lsc Avimiie 
Mihvaukr^, WUcnniin 53216 
Tel: 41A --142^200 
AMRAD SUPPLY. INC. 

342S BdlbtiJi Street 
Sad Friiiiidieti, Califr>ruls fl4l2L 
Teh -115-751-4«€1 
AMRAD SUPPLY. INC. 

1025 Harm^m Street 
Oakland. t^alifumM 94607 
Teh 415-451-7755 

COLE ELECTRONICS SUPPLY COMPANY 
335 Banner 

Tyler. Te*as 75701 
(3141 LY^-a545 

COSTON ELECTRONIC DISTRIBUTORS 

2345 Fer^itMiD H^^sd 

CmHiiiuili. Ohl4i 45236 
(5131 461-8555 
ELECTRONIC CENTER. INC. 

107 3itl Ave. North 
Mlntveaptilia, Minneinta 
Teh 612-338 5651 

EVANSVILLE AMATEUR RADIO SUPPLY 

1311 Nninh Fuhfm Ave. 

Evanaville. Indiana 47710 

GRAHAM ELECTRONICS SUPPLY. INC- 

122 S. Senate Avenue 
Indlanapnlia. Indiana 46225 
Teh 317-034-6486 

HAM RADIO OUTLET 

099 Hnwafd Aveniie 
Burliiul^nie. California 94010 
Teh 415-342-5757 

THE HAM SHACK a*LAppllsncs Csntsr. Inc.) 

1966 lllllvipw Slieel 
Saraiota, Florida 33570 
Teh 813-955-7161 


HENRY RADIO STORE 

931 N. Euclid 
Anaheim, ('alifomia 92601 
Tah 714 - 772-9200 

HENRY RADIO STORE 

11240 \V>?i Oljimpip Blvd. 

Loj Anselea, CaUfnmla 90084 
Teh 213 “ 477*6701 
I- A. AMATEUR RADIO SUPPLY 
2302B Artesia Blvd. 

Red^mdif Beach. Callft^mla 90278 

ED MOORV WHOLESALE RADIO 
Btix 50B- 
I>e Wirt, Arkati»Af 
Tel; SOI - WH 6-2S20 
PIQNEER-STANClARO ELECTRONICS. INC. 
5403 PM*ltec1 Avenue 
CWveJatwl, (»hio 44103 
Teh 216- 432-0010 

PIONEER-STANDARO ELECTRONICS. INC. 

SKEPriJ ELEt^TROMCS DIVISION 
3l4 Leu Street 
Daytun. OHiu 45404 
Teh 513-224-0871 

TYDINGS COMPANY 
933 Liberlv Avenue 
Piitsburah, Penniylvania 15222 
(4121 281-6840 
UNIVERSAL SERVICE 
114 North Thud Street 
Columbuj, Ohiu 43215 
Teh 614 - 221-2335 
VALLEY HAM SMACK 
4109 N. 39lh Street 
rhoeni** Aniuna 
Teh B02-93S-4850 

WORLD RADIO LABORATORIES 

3415 Bmidway 

Cuunell Blufft, huva 51501 
(712) 326-1851 


DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET 



2 in SPRINGHILL DRIVE Columbus, Ohio 43221 


TELEPHONE 614/406-7090 
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new allied catalog 



2 Element 

QUAD 

FOR 10 - 15 - 20 

The “JOGA QUAD" is rated at IKW 
AM and 2KW P.E.P. SSB. Features 
a single feed line. Enjoy maximum 
forward gain and very low SWR 
over the full bandwidth. The unique 
shape allows proper element spac¬ 
ing for all bands. It is easy to 
assemble and resists winds up to 
100 MPH. It’s lightweight with only 
a 4'6" boom length. A brochure 
with further information is free for 
the asking. 


Allied's new 1969 catalog "Electronics for 
Everyone/' is now available. This new book 
presents the latest in electronic components, 
vacuum tubes, semiconductors, wire and 
cable, test instruments, microphones and 
speakers, antennas and towers and amateur 
equipment as well as a full line of high- 
fidelity equipment and tape recorders, tran¬ 
sistor radios, TV sets and video tape record¬ 
ers. Specialty lines include a big selection of 
electronics kits, cameras and accessories, 
weather instruments and a wide selection of 
electrical accessories. The 1969 catalog, num¬ 
ber 280, is available on request from Allied 
Radio Corporation, Post Office Box 4398, 
Chicago, Illinois 60680. 

motorola semiconductor 
catalog 

Motorola has just announced a new cata¬ 
log of 175 semiconductors, books and acces¬ 
sories in the HEP line of devices for the ama¬ 
teur, experimenter and electronic hobbyist. 
The HEP line includes semiconductors at 
reasonable prices for almost any experimental 
or replacement use. 

There are many new devices listed in this 
catalog: high-voltage germanium power 
transistors, complementary silicon npn/pnp 
power transistors, a unijunction transistor, a 
bilateral trigger diode, a sensitive low-power 
SCR, digital RTL and linear integrated circuits, 
an 1C kit, new )C sockets and a TO-5 heat 
sink. 

Other semiconductors in the HEP line in¬ 
clude small-signal and power silicon and 
germanium transistors, field-effect transistors, 
silicon rectifiers and bridges, zener diodes, 
SCR's, power transistor mounting kits, heat 
sinks and books. 

Copies of this handy new catalog, the 
Motorola HEP Catalog, MHA27-4, are avail¬ 
able at your local Motorola HEP distributor 
or by writing to the Technical Information 
Center, Motorola Semiconductor Products, 
Inc., Post Office Box 20924, Phoenix, Arizona 
85036. 
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Jim Fisk WIDTY 

editor of Ham Rodio 


reviews 


The new 


Radio Communication Handbook 

published by # 


*'One of the most exciting handbooks I have seen in a long time*' 

"This new book covers every aspect of amateur radio commu* 
nications and is filled with solid state projects and circuits" 

"If you're troubled by the lack of semiconductor circuits and 
modern technology, the Radio Communication Handbook is the 
answer; it is the most up to date radio handbook that has crossed 
my desk" 

832 Pages — Hardcover 

$ 11.95 

Postpaid in 
U, S. A, and Canada 

order from 



Box 592 • Amherst, New Hampshire 03031 

Comtec also stocks most other R.S.G.B. publications 
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FREE! 

ONE YEAR 
OF 

ham __ 

radio 


A one year subscription is $5.00. 
Take a three year subscription for 
$10,00 and you get the last year 
for nothing. 


□ Yes, I'd like the free year. Enclosed 
is $10.00. Send 3 years of HAM RADIO. 


HAM RADIO MAGAZINE 

GREENVILLE, N. H. 03048 


Name .Call 


Address 


City 


I 


hammarlund ad 

There's an error in one of the specs for the 
new Hammarlund HQ-200 receiver advertised 
on page 27 of the December issue—the a-m 
sensitivity should read 1 mV for 10 to 1 signal- 
to-noise ratio. 

wind-direction indicator 

The code wheels shown with the article on 
the digital wind-direction indicator in the 
September issue are in error. Fig. 3, shown 
as a Grey-coded wheel, is actually a binary 
wheel, Fig. 2 is complete gibberish—a result 
of the photographic process used to make 
the illustrations for the magazine. A correct 
Grey-coded wheel is shown below. 

fig. 1. Grey-coded direction wheel. 



solid-state six-meter transmitter 

In the schematic for the five-watt modulator 
on page 10 of the October issue, there should 
be a 270-ohm, 2-watt resistor in the line that 
runs from the center tap of the Stancor TA38 
transformer (red lead) to the voltage supply. 
In addition, the line going to pin 9 of the in¬ 
tegrated circuit should be connected to the 
two lines that cross it—one between pins 8 
and 11 and the other from pin to the trans¬ 
former, 

calibrators and counters 

In the decade counter shown in fig. 3 on 
page 44 of the November issue, pin Q on 
flip-flop C should be connected to pin J of 
flip-flop D. 

ham radio 
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MANUPACTUHfi IN U.IX 


i/StTemVATtONAL COMMUNiCATIONS aaio ELBCTROIMICB, five. 


tmT A/U/ MSLtTAf^y HtahfWAY/BAtSi A/UTOtMtO, TMXAB 




* Operates GO 1J7 VAC -— 12 VDC — or optional internal M CAO 
battery 

* Sell contamed 3"* X S’* speaker 

* Military type ftben^lass printed circuit boards 

* Epoxy painted cabinet 

* Regulated power tuppty “ taonol be damaged by reverse 
polarity 

* May be ordered for ertiier wide or narrow band operation at 
no extra charge (wide band supplied unless specified) 


■ Small sue; B^w X 3lj4"h X 

* Lrght weight — Less than 4*^ lbs. 

* Built mil? VAC power supply 

* Simply plug ift proper power cable to charge from 1 17 VAC 
to 13 VDC operation 

* Transmitter and receiver channels individually switchable 

* 3 channels Iransmit — 3 channels receive 
' Pusb'totalk operation 

■ Transmitter output ^— 4 watts minimum 


COMPLETE WITH ONE SET OF CRYSTALS ON 146.^4, 117 VAC AND 12 VOC 

POWER CABLES, LESS MICROPHONE AND ANTENNA.S2a5,00 

MICROPHONE 16.00 

EXTRA CRYSTALS (TRANSMIT OR RECEIVE).. , 7,00 

BUILT IN NLCAD BATTERY AND CHARGER. 47,00 


THE ICE- I 

2 METER FM TRANSCEIVER 
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WE BUY ^LTSE^)^AMATEUR 
AND CB equipment FOR CASHI 


LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE — WRITE FOR LATEST LIST. 

IN STOCK FOR IMMEDIATE DELIVERY, GALAXY, 
SWAN, SBE AND DRAKE. 


ElicrRONfCS 

Phone Cf ^307 

"tME. COMPLETE utM $TORC'^ 

927 N W. Hi OliUhonnj Ciiy, (jkljhomj 7Jl0b 

VI r THAtyf-t\^ OS Ml- o> irvff VT 

TVVIMIMT SMJS - SURViCt * 


The new SWAN SOO-C 
5 band, 520 Watt 
SSB-AM-CW TRANSCBIVCR 

The new Swan 500C offers you 
higher power, improved styling, and 
many new deluxe features, yet main¬ 
tains the same high standards of 
performance, rugged reliability and 
craftsmanship that have become the 
trademark of the Swan Line. Backed 
by a full year warranty and a service 
policy second to none, we feel the 
Swan SOOC will establish a new 
standard of value for the industry. 


$520 


SWAN 350-C 

SWAN 250‘C <NEW MODEL) 


ACCESSORIES 

117XC AC/PS 
14-117 DC/PS 
14C DC MODULE 
VX-11 vox 
lOOKc Xt«l Cal. 


RECONDITIONED USED GEAR 
NINETY DAY GUARANTEE: 

Collins: 30L1 Linear 
Oralte 2 0 (Nav^) 

SBE-34 

HT-4S Hallierafters 


$420.00 

$420.00 


“COMMUNICATION ENGINEERED" 

By "HAMM IE" fitCHAROT—WJWIV 


ELECTRONIC APPLICATIONS CO. 

ROUTE M, Pin* N, J, CTTOSe 


LOW PRICE, 
QUALITY, 
COAXIAL 
SWITCHES... 


Don't pay for the 5th and 6th position. The aver¬ 
age HAM rareiv uses more than 4! 

SPECfFiCATlONS. Silvered Conlacts Wnie on ERASABLE 
QSCUtcHaon plalg. AVAILABLE EITHER i PST {COAX-4) OR 
LINEAR {COAX-LINEAR) IN^OUT VERSION. Kandlua 1000 W 
AM or 2000 W S5B^ Insert ion lo$$ rtegligible to 160 Me 
VSWR: Lost than L2 at 160 Me. Site-2'h" dia x IVr' overall 
Single hol* mount. SPECIFY MODEL. $7 €5 ea 


PRICES above are amateur net. Shipped ppd, in U S.A Send 
Check or M.O. (N.J^ ADD 3 Vb Sales Tax) 


other PRODUCTS: Feed thru capacilort. Tuned noise 
fillers. Allernalor, generaton, Eow-pait and field filters. SEND 
FOR CATALOG. 


W2AU BALUN LETS ENTIRE 
ANTENNA RADIATE! 


^STTDM RU 

turn 


STOP WASTING YOUH SiGNAli 
REMEMBfRy YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN* 

• No Radialton from Cooa 

• No Center Iniutator Needed 

• Parfect for Inverted V*n 
{Ll$e Hong-up Hook) 

• fluilt-in Lightning orrsiler 

• Qroodi-Band 3 to 40 Me. 

• Tokei Legal Power Limit 
4 Two Modeitt 

1:1 30 ohm copx to 50 ohm 
balanced 

4;1 75 ohm coax tO' 300 ohiti 
balanced 

• A mutt For Inverted Ve*i, 
Doublets. Quada, Yogi) orrd 
Multiple Dipolai. 

$12.95 


W2AU Complete pretuned Fibergfoi Quod .599.93 

W2AU Complete pretuned Vinyl Quod I44.9S 

UNADILLA RADIATION PRODUCTS 
UnaditJa* New Ybrk 1384? 






COAXIAL LIGHTNING ’ v 
ARRESTORS 

Zero power loss. No increase m 
5WR at 150 Me. Dpes nol attenuate 
ftlgnils. Model 310 for 1000 W (AM) 
or 2000 W (SSB). Model 211 Elec^ ^ \ 
tronic statue arrestor for 50 W (AM) 

or 100 W (SSB). 50-239 UHF type fittings. Other fiLhngs 
■wiiJable. Siie approx. 3Vr' x V*'" dia #210 S3,15 «a. #211 
$4 65 as specify modal #. 
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SWA^ MARKn 

LIIMEAFt AMPLIFIER 


cojvsjtBi/AT/i/t 2000 yifATT 



xy ~ ur 

SWAN MARK // LINEAR AMPLIFIER 
2000 WA TT P. f. P. 

The new Mark II provides full frequency coverage of the amateur bands from 10 
through 80 meters^ and also MARS frequencies. Two Eimac 3 400Z Triodes easily 
provide the full legal power input; 2000 Watts P.E,P. in SSB mode or 1000 Watts 
AM» CW, or RTTY. It may be driven by any transceiver or exciter having between 
100 and 300 watts output. 

Planetary vernier drives on both plate and loading controls provide precise and 
velvet smooth tuning of the amplifier. Greatly reduced blower noise is provided by 
a low RPM, high volume fan. Complete ennc 

with Tubes: $395 


MATCHING POWER SUPPLY 


The power supply Is a separate matching unit which may be placed beside the Mark 
II amplifier, or with its 41/2 foot connecting cable, may be placed on the floor. Com¬ 
ponent quality is of the highest caliber. Silicon rectifiers deliver 2500 volts D.C> in 
excess of 1.2 ampere. Computer grade electrolytic filters provide 40 mfd capacity 
for excellent dynamic regulation, A quiet running fan allows continuous operating 
with minimum temperature rise, extending the life and reliability of all components. 

$235 


WE HAVE THE BEST PRICES THAT CAN BE FOUND ANTWHERE 


WEST COAST 

L A. AMATEUR RADIO SUPPLY 

2302B ARTESIA 

REDONDO BEACH, CALIF. 90278 
213-376-4455 


MIDWEST 

EVANSVILLE 


AIMTEni 

UDIO 

SUFFIT 


1311 N. FULTON AVENUE 
EVANSVILLE, INDIANA 

812-422-4551 


SATISFIED CUSTOMERS ARE OUR BEST ADS 
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Order Now ... at MOORY ELECTRONICS, INC. 


DEWJTT, ARKANSAS 72042 


GALAXY V mark 3 


nd Hy-Gain 


TH6DXX 

BEAM 


Mobile or Fixed Station 
S BAND TRANSCEIVER 


Galaxy V Mark 3. 

Galaxy AC-400 Power Supply 
Galaxy SC-1 Speaker Console 
Hy-Gain TH6DXX Beam . . 
Electro Voice 719 Microphone 


$420.00 

89.95 

19.95 
159.95 

17.40 

$707.25 


POST-CHRISTMAS PACKAGE FOR CASH 


$595*00 


Send $50 deposit — beUnce c*o.d. 

Or Check in full — Jmmediete Delivery 

Contact Ed Moory for similar good quotes or trades on 
other popular brands of Hsrn equipment — Drake -—► Swan 
— Mosley — TRI-EX — National — Waters -— Johnson — 
Hammarlund —* Hallicrafters. 


FEATURES 

New 500 Watt SSB Power 

Sharp, Crisp, Clear Audio 

New CW Sidetone Audio 

New Solid State VFO 

New CW Break-in Option 

New CW Filter Option 

- New ALC Circuit 

• New Precise Vernier 
Logging Scale 


Moory Electronics, Inc. has three stores to serve you: 


/HOOSr flECritONICS, INC. MOORV EtECTRON/CS, /NC. «oo#ir eiectronics, m 


RAY COKER WSCQJ 
Manager 

724 LAWRENCE RD. 
JACKSON, MISS. 
PH. 362-9843 


ED MOORY — GENERAL MANAGER 

P. 0. BOX 506 
DEWITT, ARKANSAS 72042 
PHONE (501) 946-2820 

(Direct all mail orders to Home Office) 


MOORY BlBCJRONtCS, INC. 
BOB WOOTEN W5EBE 
"Salas & Service*' 

415 W. 33rd 
N* LITTLE ROCK, ARK* 

PH. SK8<0295 
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NEW FET SIX METER CONVERTER 



The Horizon VI incorporates^ the latest in solid state VHF techniques^ FlcLd-effecc iransisiors are used 
throughout the unit to provide excellent protection against overload and cross modulation^ 

All power is provided by a built-in 115 volt AC power supply — (no need to buy extras). An additional 
crystal position has been provided to allow the owner the option of expanded frequency coverage. Local 
oscillator output is accessible from the front of the unit for those who desire iransceive operattoru 

The low noise figure of the Horizon VI assures the operator of excellent performance when stations are 
weak. 

See your local dealer for a demonstration of the Horizon VI; you'll be impressed by its exceptional 
performance, 

SPECIFICATIONS 


Freq, ronget 50 ™ 54 MHz; LF» output! 14 — 18 MHz; Input Impedance: 50 ohms; Oulput tmpodancei 50 ohins; 
Noise figure: 5 dB typical; Gain* 15 dB nominal; One 36 MHz crystal installed; Built-In power supplyi 115 volts 
AC; Welghft 18 ounces; Dimeniionst L-6*^" i x D-2"; Prlcet J59.95- 


AUTHORIZED DEALERS (listed alphabetically) 


AMATEUR ELECTRONIC SUPPLY 

Fond dll LjLc Avcniip 
Milw-Aukvr, VViscntliLti S3216 
TrI; 4N-44a-42C)Q 
AMRAD SUPPLY, tNC- 
J4Z5 Balbna Strvrt 
SMn Fmnciscn, C'Minomim 04121 
Teh 4L5-75U40ei 

AMRAD SUPPLY, INC. 

102S llarriMm Stn«t 
Oakland. Cnlifumin 94607 
Trl: 415-^4SI-77S5 

COLE ELECTRONICS SUPPLY COMPANY 

335 Sciuth Boniirf 
Tyler, Triju 7S70J 
(214) LY-4-a545 

COSTON ELECTRONIC DISTRIBUTORS 

2345 Frntki^'in Hrnid 
Ciitciiiiiali, tJhiii 4523S 
I Si 31 451-SSS5 
ELECTRONIC CENTER, INC. 

107 3fd Ave, North 

Minneapiilii, 

Teh 6i3-33S^flRl 

EVANSVILLE AMATEUR RADIO SUPPLY 

1311 North FulUiiil Av«. 

Evansvillr, Indiana 47710 

GRAHAM ELECTRONICS SUPPLY, INC- 
122 S. Smale Avenue 
Indianannlu. Indian* 4AS25 
Tel: 317-034-8480 

HAM RADIO OUTLET 

099 Knwari) Avemic 

BurlinM^mp, Califnmia 94010 
Tel: 415-342-5757 

THE HAM SHACK (Tel-Appliance Center, Ine/} 
1900 Hillvlifw StrcH 
SiiraiMktn, Florida 33579 
Tel: fil3-955-7161 


HENRY RADIO STORE 

931 N. Euclid 
Anaheim, C:alLrr>mia 92801 

Tel! 714 -772-9200 
HENRY RADIO STORE 

11240 \S'«| Olymiiic Blvd. 

Lni Anflctm, ClelLfomia 90064 
Trl: 213 -477-6701 
L. A. AMATEUR RADIO SUPPLY 
23020 Arleiia Blvd. 

RiKtcindo Beach, Califiimie 00278 

ED MOORY WHOLESALE RADIO 
Bni 500- 
De Writ, Arkoiunf 
Trl: 501-\Vllfi-2820 
PIONEER-STANDARD ELECTRONICS, INC, 
5403 Pnrsprct Avrnuir 
Clrvelaiul, Ohio 44193 
Trl: 210 - 4 J2-0010 

PIONEER-STANDARD ELECTRONICS, INC. 

SBEFtXJ ELEt:THOx\IC:S DIVtSlOX 
314 Len Stirirl 
PjiytniiT Ohiri 45404 
Teh 513-224-0971 

TYDING5 COMPANY 

933 Liberty Avenue 
rittshundi. Pennirvlvania 15222 
(412) 281-0040 
UNIVERSAL SERVICE 
114 Nnrth Third Street 
r:<]|umbu«, Ohin 43215 
Tel: 014 - 231*2335 
VALLEY HAM SHACK 
4199 S. 39th Street 
Plvienik, Afixirna 
Telt 602 - 055-4 8S9 
WORLD RADIO LABORATORIES 
3415 RR>[idway 

Cnuncil BluRi. luwa 5L50L 
(712) 328-1951 


DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET 



2 III SPRINGHILL DRIVE CoI UTTlbuS. Ohio 43221 

TELEPHONE 614/406-7090 
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. . * . through either of these antenna noise bridge units, which provide 
accurate and fast testing of antennas and feed lines at a reasonabie cost. 


Q^! 

4r^ 'f 


ModsI T£ 7^01 

• AntenfiB N<iisB Bridgo 

• Rbii£ 0— 1 t& 100 MHi 
“ RCA Tip Jflck$ 

• RflsistsucB TBSiHng: 

0 « 100 ohms 

124.95 


Features Applicable ta Bath Models: 

Test antenna for botli resonant frequency and impedance. 
Replace VSWR bridges or other antenna test equipment. 
Optimum performance through atignment and test of 
mobile or ftKod station antennas. 

Test beams, whips, dipoles, quads, or complete tuner 
systems, 

Appltcaiiofis tiata and operating tnsttucthns Inctudad. for 
<ia5cripti¥9 fiferefure wrilp; 


Model TE 7 02 

> Extended Range Anlenne 
ffoise Bridge 

• Range — L to 300 MHf 

• BMC Connectors 

• Resistance Testing — 

0 to infinity, cahbraled 
Z5-IC0 ohms 
^34.95 


omega-1 ayfftemn 
incorporated 


5Te w bait Una road * richardson* tax&s 75080 
f2i4l ad 5 52B6 



novice crystals 

FundBmentii) frequenchcs In FT 243 holdert. Pm tti« .093 
In., ftOBClPg .4a6 fn. Tolerance '03% mcasumd in obciI, 
lator with 32 mrnf^. capacity 

80 m«t«r« 370S,374S hc. 11.75 ea. 

40 rrtUft 715^7195 he. 1.25 «■. 

15 mtlart 7034 708? kc. 1.25 *a. 

Add far pa^tage and handling P*r crystal; 8r first dati; 

]?C alrmaH. Specify frequency deiiracl and ncar«fl avail¬ 
able win be &ent. Othar rrequenciet in stock. Send for 
fr*t I nr. Sat ih fad Ion ffuarantead. 

NAT STINNETTS, P. O. Drawer Q \. UmaUlla, Fla. 32784 


r CQ de W 2 KUV/ ^ 


BEST OFFER!! 


Paid.. for iriy piece of aircraft dr prpund 

raetia uniTh, alio tilt equrpmanr. All lypai of tubes. 
Particularly looking for 4.1i0 * 4,400 * 433A * 3D4TL 
. 4CX1CI00A ’ 4CXA000A at il. 171 « 51X • 340A 
« Am * om * one • UPM * URM . USM unita, 

TIP DAMES CO., 510 Hlckery Sf., Arlington, NJ. 07033^^ 


THE BEST 

6 METER 


Model 407 


. $34.95 


ppd. 


50-52 MHz in. 2^30 MHz out 
or S2-S4 MHz with a second crystal, 

A full description of this fantivtic ci'nverter 
wnuM 511 this pfiKO, but yiHt ceio take our wnrtl 
for it (nr those of hundred.'^ of satbRed users} 
ihsU it*a the best. The mason h simple — wv use 
three RCA dun) uale MOSEETs, one bipt>lar, and 
3 diiKles in the best circuit ever. Still nut ctm- 
vinced? Then send ft>r i^iir free cat[i]r>K untt ttet 
the full descriptiim, plus photf^s and even the 
schematic. 

(^iin^t w'dit? Then send us A pirstnl niiiney- nrder 
fur $34.^5 and weTl rush the 407 out to you. 
NOTE: The Model 407 is also available in any 
frequenc'V cumbinnttim up to 450 MHa: (sr>me at 
hrKher prices) ns listed in our catalog. New York 
City and State residents atld local sales tax, 

VANGUARD LABS 

Dept. R, 196'23 Jemeic» Ave., Hollis, N.Y* 11423 


NEW fROM PALOMAR 


OFF 


Only 

$37.50 


* Crysfaf conlraffed tecondory frequency 
sfpndard. 

* Generptei both 1 OO-ffHi ernd I mork- 

ers. 

■ T PO-lCHi to 30'MHz od/ustoble to .ODDI */», 

■ Send 051 or poitcord for free brochure. 


PALOMAR 

ENGINEERS 

BOX 455, ESCONDIDO, CA 92025 
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OUR OWN 
PROFESSIONAL 

STEREO-MONAURAL PHONES 




“$25 VALUE” nr 

QPH-I 8 OHMS- 

QPH-2 600 OHMS- S15.95 


ADD $1 FOR SHIPPING 


Professionally Approved 
Deluxe 20,000 Ohm/Volt VOM 

COMPLETE WITH LEATHER CASE 


QUEMENT MODEL MT-2 


20,000 OHMS/VOLT DC-10,000 OHMS/VOLT AC 

* Qukk Rong« Svlxtion DC Vo4(og«; 5-25-) 00 -SOO-IOOO 

* Two-Color ExponrLod Scolo AC Vollogo; 5'2S--100-500-1000 

* PrMkion 1% Rofitlorr DC Curronh 50 uA-5'50-500 MA 

> Low Circuit Loadir)g RotitloncOT 6K-60K-600K-6 Meg 

* Jowolod Motor MovomonI Docibolt: —20 lo -*-62 DB 


THOUSANDS OF THESE FINE METERS SOLO TO 
HAMS, EXPERIMENTERS, GOVERNMENT AND 
INDUSTRIAL PLANTS 

$ 13.95 , 

SHIPPED PREPAID USA M 


COMPLETE OUTFIT 


pi«i 0*0, •r» * , 


Furnished wiiK 
leather carryinf 
caK, (or /eads, in- 
itruction manual 
and battenrs. 




A BIO 


PRODUCT 



OUR MOST COPIED PRODUCT 

"THOUSANDS SOLD" 


JUPSON 

ELEtTRIC 

MAGNETO 

REGULAR 49 . 95 . 
at QUEMENTS 


POWER^% 


S.W R. 


#> 

- V 


MAY BE LEFT 
IN LINE, UP 
TO 2000 WATTS. 


S.W.R. bridge' 


TO 2000 WATTS. •MODEL SWB-2 

- ■ READS FORWARD AND 

^ MM REFLECTED POWER 

^ ■” SIMULTANEOUSLY 

I 1% ^1 1% • “EASY READ" METERS 

I I _ I •USE FOR REFERENCE 

^JB ■ POWER METER 

• DUAL 100-MICROAMP 

METER MOVEMENTS 

ADD $1 POSTAGE • LOW INSERTION LOSS 

• SIZE-5“X2'’X2" 


THE BEST 
VALUE WE 
HAVE 
EVER 
OFFEREDI 


37 ’" 


> Riticts f«*l 

C(IIS»«ptiH 

• OnOIc plat iM 
piial lift 

■ lit (Ml ilartiat 

aair; tine 

• RiOacis iiari tlMC 

• It’s Ilka 1 pitmi- 
niit 

laic-tp 

■ littir lialtiM 

IPPtiitiiE 


•’ONE OF THE HOT¬ 
TEST ITEMS WE 
HAVE EVER SOLD” 

ADD $2 POSTAGE 



« Cempict 

• Accwrat* 

• Sctf-MfMBlfwd 

• HlghMtStdrfHtv 

• Haavy Dip 


^6000 THROUGH 
K. 2 METERS 

OUR 
MODEL 
SWB-2 
ADD $1 POSTAGE 


ALL-TRANSISTORIZED 
GRID DIP METER 


$29.95 


Allow I LOO for 
paefc Ino and 
thlpfiMg. 
Caljf^la PO»l^ 
dontt inelvdf 



Awambltd A ttif- ' 
•d, compitto with 
ftiK coilt, aar phono 
and batttry. ' 

TUNES SOQKc 
THRU 150 Me 
DOZENS Of USES 


ODM -3 


NEVER BEFORE 
HAS A PRECISION 
INSTRUMENT LIKE 
THIS BEEN OFFERED 
AT SUCH A LOW PRICE. 


SINCE 1933 


PHONE AREA 408 294-0464 


FAST SERVICE 



QUEMENTS 


1000 SOUTH BASCOM AVE. 


SAN JOSE, CALIF. 95128 


NOTICE: CALIFORNIA RESIDENTS INCLUDE 5 PERCENT* SALES TAX 
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TELEGRAPH KEY STAPLER 


HANDSOME REPRODUCHON OF ANTIQUE TELEGRAPH KEY 

THIS MORSE CODE TELEGRAPH KEY CLEVERLY FUNCTIONS AS A STAPLER. 
BOSTITCH STAPLING MECHANISM, THE RHEOSTAT IS A STAPLE REMOVER. 
ANTIQUE GOLD FINISH ON BLACK METAL WITH CHINESE-RED VELVET BASE. 
61/2 X 31 / 2 . IDEAL FOR AN ORIGINAL GIFT FOR THE OFFICE OR THE SHACK. 


PLEASE SEND .. TELEGRAPH KEY STAPLERS AT $10.59 


BUILT TO LAST 


PLUS 80c POSTAGE. 

NAME. ...... 

STREET .. 

CITY. 


ENCLOSED CHECK FOR 
. CALL. 


ZIP. 




.. STATE,. 


$10.59 80c POSTAGE 

10 DAYS MONEY BACK GUARANTEE 
SORRY NO C.O.D. 


IH’Of) II. Roi’Shi^lvi’ Afc Hons 

210 POST STREET • SUITE 91S 
SAN FRANCISCO CALIFORNIA 94108 
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flcQ I 

market 



■ RATES Commerdal Ads 25^ per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second proceeding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 



WRL’S USED GEAR has trial-terms-guarantee! Galaxy 
300 — $139.95; Galaxy V — $249.95; Galaxy Vmk2 

— $299.95: Swan 350 — $299.95; SR150 — $299.95; 
HW22 ~ $89.95; HT40 — $49.95; VHF62 — $89.95; 
HX500 — $269.95; Galaxy 2000 & PS — $329.95; 
SB300 — $249.95; hundreds more. Free blue-book list. 
WRL, Box 919, Council Bluffs, Iowa 51501. 

QSLS. GORGEOUS RAINBOWS, cartons etc. Top 
quality! Low prices! Samples lOt? refundable. Joe 
Harms, ex-WlGET, 905 Fernald, Edgewater, Fla. 32032. 
GOLDEN BEAR QSL PARTY. All amateurs are invited 
to participate in a QSL party sponsored by THE 
GOLDEN BEAR AMATEUR RADIO NET INC, Operating 
freq. — 3975 kc. Mode of operation — LSB, AM or 
CW. Time and date — 0500 GMT. Jan, 18, thru 
0200 GMT Jan. 19, 1969. Operating rules; To qualify 
for the Golden Bear Net QSL Certificate, any oper¬ 
ator must satisfactorily provide to the Net Control 
Station, the correct call, name and mailing address 
of his station. No other requirements have been set 
for aspirants of the Golden Bear Net Certificate. 

DON'T MISS RADIO COMMUNICATION HANDBOOK. 

832 pages — Complete technical guide — Brand new 

— Only $11.95 postpaid U.S.A. and Canada. Comtec, 
Box 592, Amherst, N, H. 03031. 

The WHEATON COMMUNITY RADIO AMATEURS 

(WCRA) will hold the seventh annual Mid-Winter Swap 
and Shop on Sunday, February 16. 1969 at the 

DuPage County Fair Grounds, Wheaton, HI. Hours 

— 9;00 a.m. to 5:00 p.m. $1.00 donation at the door. 
Hams, CBers, electronic hobbyist, friends and com¬ 
mercial exhibitors are cordially invited. Contact 
Bill Lester. WA9FGP, Box 1, Lombard, HI. 60148, 
for information. 

Q.S.L. CARDS $6.95 (1,000). C. B. Wholesale Printers, 
P. O. Box 994, Anderson, Indiana. 

The BEST DEAL going is a subscription to HAM 
RADIO. One year $5.00 or three years only $10.00. 

TEST EQUIPMENT WANTED; Any equipment made by 
Hewlett-Packard, Tektronix, General Radio, Stoddart, 
Measurements, Boonton. Also military types with 
URM-{ ), USM-( ), TS-( ), SG-( ) and similar nomen¬ 
clatures. Waveguide and coaxial components also 
needed. Please send accurate description of what 
you have to sell and its condition to Tucker Elec¬ 
tronics Company, Box 1050, Garland, TX 75040. 


ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic, 3 for $1.00, 10 for $3.00 prepaid. Guar¬ 
anteed. Patented. Free sample to dealers. Tepabco, 
John K4NMT, Box 198R, Gallatin, Tennessee 37066. 

PROBLEMS? Send them to J & J Electronics, 
Canterbury. Conn. 06331. 

FOR SALE: 312B5, cables, connectors, manual; $265. 
30L'l; $375. KWM-2, with Waters Q-Multiplier 516F-2; 
$800. 75A4 # 3481 (with 2.1 and 3.1 kcs filters; $425. 
75A3 (late series) with 75A4 vernier knob, 3.1 and 6.0 
kcs filters: $250. HQ-215 (new in May, '68); $375, 

Henry 2K-3 with spare 3-500-Z; $625. T4X, AC-4, MS-4; 
$350. (or trade for SW-500-C and 117XC). 75S-1 

# 11472, 0.5 and 2.1 kcs filters; $275. 32S-1, 

# 10100, 516F-2: $425. 312B-4; $135. HT-32B. 

HT-33-A; $275.00 each, P & H. “SPITFIRE" linear, 
new, $85. P & H AFC-2 speech processor; $25, 

HW-12-A. HP-23: $150. HW-22A, HP-23; $150. HW-32, 

(factory-reconditioned/modified), HP-23; $135. James 
W, Craig, WIFBG, 29 Sherburne Avenue, Portsmouth, 
N, H. 03801. Phone: 603-436-9062. 

WANTED ANTIQUE RADIOS, Catalogs, tubes, send 
model, price, condition. Farrell, 2252 Dixie, Pontiac, 
Michigan 48055. 

SWAN 250 6 METER TRANSCEIVER with power supply, 
$250. Vanguard TV camera, $175. Lafayette HA-6, 

$65. P. Franson WA7KRE, 7312 E. Oak Street, 
Scottsdale, Arizona 85257. 602-947-6052. 

TOROIDS: 44&88mhy., center-tapped, unused, 5/$2.00 
POSTPAID. 11/16" reperf tape $3/box. FM-FM-FM 

TRANSCEIVERS Motorola P33- 5 watt and H23 Pack- 
sets with Ni-Cads, complete. Write. Eico 720 Trans¬ 
mitter, Excellent $40. Johnson 6N2 and matching 
VFO $100. Teletype model 32 and 28ASR equipment, 
write. "AZL” two meter converter with P.S. $25. 
Dow-Key relay $10. Gonset GC-105 two meter conn- 
municator $85, WANTED: Drake 2B&2BQ. Model 

14TD gears (80165-80166). RTTY & FM gear. Re¬ 

ceiver (HQ180, NC-3(3 o, SXIOIA etc.) Stamp for list. 
Van W2DLT, 302H Passaic, Stirling, N. J. 07980. 

SPACE PROBLEMS SOLVED with Joystick Variable 
Frequency Antennas. With Tuners for 10 thru 160 

Meters. Under $50. Brochure. Shortwave Guide, 
218-H Gifford, Syracuse, NY 13202. 

CLEANING HOUSE. 6-meter linear amplifier, Knight 
T-175, 300 watts PEP ssb, 150 watts CW, requires 
less than 10 watts drive; may be used on a-m, built-in 
power supply; almost new, $90. Cushcraft 6-meter 
6-element beam, $15. Johnson 275-watt Matchbox 
with swr bridge, mint, $50. Cavity oscillator with 
tubes, tunes from 300 to 3000 MHz, nationally 
advertised at $80; excellent, $20. Waters model 384 
dummy load, like new $50. WIDTY, Box 25, Rindge, 
N. H. 03461. (603-899-2860) 

GONSET GSB-6 SIDEWINDER, brand new, sealed 
factory carton, $285; ac supply, $60; dc supply, $50; 
500-watt 913A linear, $245; all new equipment. 
WB2LZD, 607-785-5862. 

DAYTON Hamvention April 26, 1969: Sponsored by 
Dayton Amateur Radio Association for the 18th year. 
Technical sessions, exhibits and hidden transmitter 
hunt. An interesting ladies program for XYL. For 
information watch ads or write Dayton Hamvention; 
Dept. H, Box 44, Dayton, Ohio 45401. 

COLLINS 75S-3B RECEIVER for sale. Clean, excellent 
operating condition. $450.00. WIDHZ, Box 185, 
Amherst, N. H. 603-673-4885. 

HAM-AUCTION, Feb. 16, 14th Annual by Toledo Mobile 
Radio Ass’n, at the Lucas County Recreation Center, 
2901 Key St., Maumee, O. $1.00 Registration, open 
table sales, map and further info, write Ron W8STA, 
1939 Cone, Toledo, O. 43606. 

POLICE-FIRE RADIO STATION DIRECTORIES show 
callsigns, frequencies; nationwide. Used by AREC, 
CD, RACES, Vamps, VHF buffs. Stamp brings cata¬ 
logs. Communications, Box 56-HR, Commack, N. Y. 

The LAKE COUNTY AMATEUR RADIO CLUB, INC., 

announces its 16th Annual Banquet to be held at 
Teibei's Restaurant, U.S. 30 and 41 (near Schererville, 
Ind.), at 6:30 p.m., CST, February 8. Chicken dinner, 
entertainment, speeches. Plan to attend with your 
wife or girf friend. Tickets $4.00 each from Herbert 
S. Brier, W9EGQ, 385 Johnson Street, Gary, Indiana 
46402. Positively no tickets sold at door. 

NEW ELECTRONICS PROJECT BOOKS! Fifty 1C 
Projects, $3.95 — 101 Ham Radio Projects, $3.95 
— 49 Transistor Projects, $1.75 — 104 Transistor 
Projects, $3.95 — lOl Audio Projects, $3.25 — 101 CB 
Projects, $3.25 —■ 101 Test Instrument Projects, 

$3.95 — “The VHF Amateur" (VHF techniques plus 
33 easy projects), $4.50. Postpaid. Brown, W9HBF, 
5611 Middaugh Ave., Downers Grove, III. 60515 

QUARTZ CRYSTALS for Two Way communications. 
Amateur netting. Price list. American Crystal Co., 
821 East Fifth Street, Kansas City, Missouri. 
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* ^%Ce»icU ^ Su^ MCen , 

OFFERS 


THE LARGEST INVENTORY 

of USED EQUIPMENT in tKe 
NORTHEAST. SEE SAMPLES BELOW. 

NEW YEAR SPECIALS 

B&W 5100 $114.00 

B&W 5I00B 144.00 

Colltns 32V1 89.00 

Collins 32V2 114,95 

Collins 75AI 139.95 

Collins 62S*1 599.00 

Eico 753 Transceiver 149.00 

Eico 753 Transceiver w/AC Supply 199.00 

Globe 300A 114.00 

Globe 350 149.95 

Haltlcrafters S 108 84,95 

HalUcrafters SX-43 79.95 

Mamma rlund HQ-129X 89*95 

Hammarlund HQ-140X 109,95 

Johnson SSB Adaptor 164.00 

Johnson Vi king 11 69,95 

Johnson Viking It w/122 VFO 84.95 

Johnson Valiant 159*00 

Johnson Valiant II 239,95 

Mosley CM-1 89.00 

National HRO-50 w/A,B,C.D* Coils 139*95 


MOTOR KITS 

FOR the hand winders 

FITS ANY CRANK UP TOWER 
COMPLETE WITH WATERPROOF MOTOR 

$199.95 

Without Motor St29.95 

HVGAIN — MOSLEY — NEW TRONICS 
TRISTAO — MYLAR ROPE — TIMES COAX 

Write for latest catalog 

ANTENNA MART 

BOX ?, RIPPEY* IOWA 50235 
Telephone 2279 


ATV’ERS 


For the largest US ATV magazine: 
Technical reports & ATV directory 
SEND $2 for a 1 year subscription 
TO; 

A5 MAGAZINE oVeV* 


Time Payment Plan Available 
WRITE FOR LATEST COMPLETE LIST 


HIGHEST $ $ PAID FOR TUBES 






80X 893 


RADIO 

CONCORO NH 03301 
FONE 603*22 3*33 58 


NEW YORK 10011 . 212-242*7400 

Free Tube List 




new 


radio amateur 


mm 


GET YOUR NEW 
ISSUE NOW! 

Over 283*000 OTHs 
in the U,S, edition 
$6*95 

\ Over 135,000 QTHs 
\ in the DX edition 
\ W.95 


\ ^ See yoLf fdvonle dealEf or 

' order direct (add 25 C for 

mailing in U,S.. Possessions 
Tlrese valuable tXTRA features & Canada. Elsewhere add 


included tn both editions! 


500 * 


* QSL Managers Around the ■ Radio Amateurs' Prefiies 

World! by Countfies! 

• Census of Radio Amateurs * A.R.r.L, Phonetic Alphabett 
throughout ttle world! , „*,pre To Ruvr 

. Radio Amaleuri’ Liccnia T""' . 

* Great Circle Bearings! 


throughout the world! 

9 Radio Amateurs' License 
Class! 


top notch articles 

and 

great ideas 


• World Prefls Map! * International Postal 

• Inter national Radio Inlormationt 


the monthly for amateurs that's different! 


Amateur Pretises • Plus much more! 


to see for yourself, write 

to 

free copy, or ham radio msg^iiine 

4 months 6* 2.00 GREENVILLE, N.H. 0304B 

12 months ® 5*CX) Include address, call artd 

3 years @ 10,00 code. 


WfUTf FOft 

ms 

BMCMt/KSf 


RAQIO AMATEUR 


lib 


Dept. Q 4844 W Fullerton Ave. 

Chicago, III, 60639 


86 [jj] january 1%9 
























mftrkl 


• mak** an ton* monitnr 

tka RF flf any CW IranimiHar from 

lOMw I Kw & lOOKc is IOODMe, 

uain^ nnty an S* p'lcbup ant*nna, 

» un ka t*lf-tfiggarad For cod* 
praciica er tka tailing sf islid 
ital* componant* and circv^. 

• aid* in tuning wp (r taitinf RF 

aaciltatof and powar circuits^ 

• 4 Iranaitlor, 2 dloda -cicEitilf 
«p*ak*r, ton* adjptt, AA p*oc«ll, 
toft laadt, 8* antv & magnatic baaa 

• cabinal ii 16 gauga black €r cl«r 
anadifad aluminum, ^.4 ■ 1.3 a L2" 
US mad* 6' guarant**d for t yaar,. 

James Research come 
n schermerhorn st,, d 


I V J eomplata, 

I ppd uia A.<an. 

••rkd a ctwch or m.o. 
lold by mcill only 


PUT THE POWER WHERE IT BELONGS 

LET THE VANGUARD Hl-Q BALUN 

PUT IT IN YOUR ANTENNA 

' Fulf iegdi power 3 to 30 MC 

• Seated Mghtning arrester protects your equipment 

* Reduced coax picN-up improves reception, 
reduces interference 

< Reduced coax radiation — helps TVI 

< 1 to 1 impedance ratio 

• Small — lightweight — weatherproof 

* Replaces center insulator 

- Precision machined PVC plastic — coax conector 






m 


NET PPD IN U.S.A. £||- 

FULLY GUARANTEED 

VANGUARD ENGINEERING 


BOX 513 ■ BRIELLE, NEW JERSEY 08730 


Beware * . , of the Drea cfed SHREW 

linear amplifier 

• 200 watt PEP. -o >1^ 

25'54 MHz. ■ awl JlSS^ 

• 2'20 watts drive. I ^ 

$ 89.95 

Matching AC Power Supply . 139^9 

DC-2 12 Volt Supply .... $44.91 

Write for complete detatls & FREE SHREW Patch 

q Communications Division 

GAUTHIER INDUSTRIES 

P. O. Bqk 21G 
Lynwood, California 90262 

Dealer Inquiries Invited 


*39.95 

$44.95 


^iooso 

ANTENNA SYSTEM *32®" 


TAX A POSTAGE 
P Al O) 


CHARACTERISTICS: 


* BO through 10 meters 

’ Eisentiilly constant feed impedance 
’ Balanced system for high efficiency 
■ Balanced 450 ohm feed 

* Very light, minimum wind resistance 
Omnidirectional 




* Large apertiire 

' Wide angle of radiation 
for consUnt hi level signals 

* A matching device Is required 
50 ohm unbalanced to 

450 ohm balanced 


The Tekrad Mark V Antenna system is ready 
for delivery in completely assembled units, 
ready to hang up with supporting cords and 
transmission line attached. 


EKRAD, INC. 

P.Q. SOX il 

MLMRSISO. FLOSIOS 32SB0 

















BTI LK-2000 

LINEAR 

AMPLIFIER 

For SSB, CW, RTTY 

Mdjiiitiun Ugaf input 
Full loading fiO-IOM 
Kuggod Eimoc 3-1000Z 
DopondabU operation 
laty Vo load and tun* 
No flat topping with ALC 
Ojifingujihod contol* 
Initant traoimlt 
High offlcioncy circuit 
Doiignod for Bafoty 
Fast band fwitching 
Rod iignal impact 

Price,.,, *79500 

itADY TO OPVBATtr 


BTI AMATIUR DIVfSION 

Hgfstrem Technical Products 

4616 Santo Fa, San Diego, Co. 93109 


LET W3KT 
FORWARD YOUR 
DX QSLS 

^oin the Ihousari'ds of satisfied hams who havo 
r been L^5^n^ this servico fof the past stven 
yoan During 1967 alone, over 200,000 OSLs 
were forwarded to DX stations. This is a OHUXE 
service, insuring prompt and continuous maHings, 
and mvofving a rTrrnrmum of effort on your part, 

^ust fill in your QSLs and t^end them to W3KT. 
r You don't have to address the cards, or indi* 
cate the QSL manager, or send any SASfs Where 
a DX station uses a stateside OSL manager, your 
card will be sent to him with art SASE, and the 
reply will come bach to W3KT, who will send it to 
your call area OSL bureau Other QSLs wilt be sent 
to the proper OSL Bureau, or, if necessary, direct. 

^^member, your QSL is a personal message, 
^ Therefore W3KT sends it by FtRST CLASS MAtL 
only. 

^he charge- Four cents per QSL, 30 cards per 
' doifar. HU MEM6IR5HJP HL 

SAVE TIME! SAVE MONEY* 

W3KT QSL SERVICE 

no t, Vildy Hi a Rond Malvim, f>«flna. t9355 


liLriEtSl{^B[=]B[=1f^[=J[z3 
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SROCHlfftC! 


THE BEST 

2 METER 


Radio Amateurs 
Reference Library 
of Maps and Attas 


WORLD PREFIX MAP - Full ciotar. 40" x 26“, ihows 
prefixes on each country . . . OX fonni, timn 7onn, 
cfD&« isbln postpaid SI ■<>□ 

RADIO AMATEURS GREAT CtRCLE CHART OF THE 
WORLD—from thn center of the United Siotvs! Full 
coIdy, 30" X 25^, listing Great Circle beeringt in de^ 
greei. for six major U,S, cHies: Boston, WavhmBton, 
O.C,, Mtami, Seattle. Sen Francisco & Lot Angeles. 

postpaid SI*00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color, 30“ X 25" — includei Central America and the 
Caribbean io the equator, showing call areas, lone 
boundaries, prefixei and time lones, FCC frequency 
chart, plus informative mformaiion on each of (he 50 
United States and olher Coumries poll paid SI.00 

WORLD ATLAS — Only atlas compiled for radio ama¬ 
teurs, Packed wifh wrorld-iwide information — Includes 
J1 maps, in 4 colors with /one boundaries and couh' 
try prefixes on each imap. Also includes a polar pro- 
lectlon map of the world pTus a map of the Aniarctica 
— a complete sol of maps of the world, 20 pages. 
6 ^ 4 " X r?" . postpaid 12-00 

Complete reference library of maps -* set of 4 as listed 

above ... postpaid 

Sea your favorite dealer or order direct. 


144-146 MHz In, 28-30 MHz out 
or 146-148 MHz with B tecond cryaul 

A fuir description of this fantastic crin vertex 
would fill this page, but you can take nur word 
for it {or those of hundreds of satisfied users) 
that it's the beat. The reason is simple — we use 
three RCA dual sate MOSFETs, one biwlar, and 
3 diodes in the best circuit ever Stilf nut con¬ 
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 

Can't wait? Then send us a postal money order 
for and we*U rush the ^07 out to you, 

NOTE; The Model >407 is also available in any 
frequency combination up to 450 MH 2 (same at 
higher prices) os listed in our catalog. New York 
City and State residents add local sales t«. 


RADIQ AMATEUR 


caiiooaKtKc 

Dept. 04844 W, Fullefton Av«, 
Chicago, III. 60639 


VANGUARD LABS 


Dapt, R, 19^23 Jamafea Av#., HofJii, N,V. 12423 


masna 

1 . n r, t - ^ , , . , , 1 

r' ■ S' 
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^KEEP UP TO 
^DATE ON 
YOUR DXING 


A weekly magazine (16 to 24 pages each 
week. 

Current DX that’s on the air, and info about 
what’s planned for the immediate future. 
What’s being heard by the boys. Etc. 

FULL DX INFO EVERY WEEK. 

Per year—Surface mail (they say most 
1st class mail actually goes via air) $11.00 

The OXERS Magazine, (W4BPD) 
Route 1, Box 161-A, 

Cordova, 5.C. 29039 


INTRODUCING .. TRISTAO’S 
new, low cost motor 
drive unit for crank-up towers. 


Here’s a deluxe motor 
unit that’s a work and 
money saver. De¬ 
signed for rugged use 
and long life, TRIS¬ 
TAO’S new MU-33 fits 
most crank-up towers 
made today. And it 
takes just minutes to 
install. The MU-33 fea¬ 
tures a 1/3 hp totally 
enclosed and weather 
proof motor, a preci¬ 
sion 30-1 sealed gear 
box, sealed ball bear¬ 
ings, reversing switch 
and NAC cord. For 
hams who need the 
unit without the mo¬ 
tor, belt and switch, 
it’s available as MU- 
31. 

For more information 




Call or write: 



RISTAO TOWER CO. 


P. O. Box 115, Hanford, California 93230 

W JJJJJ i . i JJ. i . i JJLl 


WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 
Allendale, New Jersey 07401 


CONVENTION 69 

ARRL NATIONAL 

DES MOINES, IOWA 
JUNE 20, 21, 22 

P.O. Box 1051, 50311 



^‘Beamed-Power'’ANTENNAS“BALUNS" 
I. V. KITS and ROTATOR SYSTEMS! 


Most Technically-Perfected, finest Communication 
Arrays in the World! Precision-Tuned-Matched 
and “Baiun" Fed for “Balanced Pattern" to assure 
"TOP-MAN-ON-THETREQUENCY" Results 


Enjoy World renown TELRE.X performance, value 
and durability! Send for PL68 tech, data and 
pricing catalog, describing professionally engineered 
communication antenna systems, rotator-selsyn-indi- 
cator-systems, “Baiuns”, I.V. Kits, Towers, “Mono- 
Pole*’, “Big-Berthas”, accessories, etc. etc. 


- with a MATERIAL DIFFERENCE! 

Use. is one of the most dependable 
testimonials of endorsement, and Telrex 
products are in use in 139 Lands 


COMMUNICATION 

SYSTEMS i 
. SINCE 1921 1 


Communicafion 

L m Engineering 

9 m Laboratories 




ASBURY PARK, NEW JERSEY 07712, U.S.A. 
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WHOOPEEEEE 

Fell in again — only deeper! 

MnreHlLLICRiFTERS'SolidSlales Modules fDrTR-35A 


//^^DIODES^ 




ea» 


StDETONl OSCILLATOR , . . , fl.50 ea. 

On bnrtrd, 2 1/4" x 1 1/2^ Use hit axle 
nscilintor. 4/fS.SO 

RECTIFIER $4,00 

8 sJlitrm diiHles, iti full u-uve briUf;c% wilh 
nrotectivf r«i?ftcirs^ on bnnni 4 1/2" x 

1 1/2"- Oirlpnl, as used in T(1-35A, 

490v DC M 390 ina. 4 for $15,00 

FILTER $2,50 aa, 

4 40 mftl 45flv DC. tiihuliar Ktics, in 2 
sets, 2 in scries, f4tr 20 tnfd 900v, pro¬ 
tective resist<trs, 3 7/8” scj. 4/$9,50 

Filter Combinatjort $6,00 ^et. 

Bolh iilwts'e. rectifier & filler board, Sthcmni- 
tics, from Tc<h manual included with all 
ftbtive, 4 sets $23-00 

MORE VARIABLE CAPACITORS. 

EFJ #167-161 $1.50 ei. 

4,7 Icj J55 pf* fiOOv spacinii. Double hearinf;, 
double ended ceramic plates 3/8” so, 
1/4" shaft, 3/4" lon^- d- threaded bush* 
inR 3/8” hmii. 4/$5.50 

MC 50M.. . $1.25 ea, 

6.3 to SO pf* 1 KV' spaced. slraiKht line 
fiefpiency, double bearinj;, dmihic ceramic 
end plates, 1 3/4” x 1/2”. D^mble 

1/4” shafts, 1/2" i 3/8*' threaded bush- 
inK A rear 3/8". 4/$4,50 

Either above ideal fur BFO on receiver 
module. (See Sov, 1968 HR). 

DUAL 30-211 pf, , $6.50 ea, 

CARDM'ELL. 6S00v spacing;, double bearinst, 

5 3/4" wide. 3 1/2" hifib, 11" hms. 

4- 2 1/2" for smfjle 3/8*‘ shaft, (9 lbs,) 

OiiatiUtiri lintHH - FtRST COUtF t-ffiST SFHVLP 

All pncT* TiTic NET, rmr AH ilrnif arc 

Up prKPr iuiIp. OilIikIt ipiffirirnt ti> 

ihippinc onlP, any ntes* remitted. rFiamnt with ^infer. 

IlhnoPt cifltv^rir*. aiU !5% Iit qtiutfd prii'rt In c^iv^l '‘lain 

UK" Fur lues "UtXJDit SHELT’ wnJ 5ASt. FLKASE 

B C Electronics 

Telephone 312 CAlumet 5-2235 

2331 S, Michigan Ava. Chicago, Jllinols 60616 


LARGEST SELECTION In United States 
AT LOWEST PRICES — 48 hr, delivery 

n Thousands of frequencies in 

stock. Types include HCb/U, HC- 
le/U- FT-241, FT-243, FT-171. etc. 
SEND lOc for catalog with 
oscillator circuits. Refunded on 
first order. 

rPY^T&K 2400H Crystal Drive 

UniOlHLO Ft. Myers, Florida 33901 


CRYSTALS 


HEY THERE! 

YOU WITH GEAR 
IN YOUR SHACK! 

Don't clutter up your home with all that stuff! 
Better to clutter up our warehouse — and get 
paid in the bargain! Don't waste time asking 
us for prices. Tell us exactly what you want 
for your Gen. Radio, H-P, Tektronix, ARC. GRC, 
TED, PRC, VRC. ARN. URR, APN and other 
milrtary/commefcial gear. Call or write today! 

COLUMBIA ELECTRONICS, Dept H 

4365 W, Pico Blvd., Los Angeles, Calif, 90019 
Phone: (213) 93S-3731 Cable: COLECTRON 


TOP-HAT 

EPOXY 

EPOXY 

STUD 

MOUNT 

1,5 AMP 

1.5 AMP 

3 AMP 

6 AMP 

.cw 

.06 

,12 

,15 

.06 

,08 

,16 

,20 

,08 

,10 

,20 

.25 

.12 

,14 

,28 

.50 

.14 

.16 

.32 

.58 

,17 

,20 

,40 

.65 

.20 

.24 

.46 

.75 


EVERY DIODE WE SELL IS CURVE 
TRACED ON A SPECfAL TESTER. THIS 
TESTER DRIVES 2 AMPS AVERAGE CUR¬ 
RENT THROUGH THE UNIT IN THE FOR¬ 
WARD DIRECTION WHILE THE REVERSE 
LEAKAGE IS MEASURED. (25 MICRO¬ 
AMPS). THE OPERATOR EXAMINES THE 
CURRENT-VOLTAGE PLOT OF EACH 
DIODE ON AN OSCILLOSCOPE SCREEN, 
WE FULLY GUARANTEE EVERY UNIT 
SOLD OR YOUR MONEY REFUNDED, 


50 

100 

200 

400 

600 

800 

1000 


M. WEINSCHENKER K3DPJ 

PO BOX 353 
IRWIN, PA, 15642 


INTERESTED IN SERIOUS WORK ABOVE 50 MHz? 

You should read 
VHF COMMUNICATIONS 

It brings you — sixty pages of tech¬ 
nical articles in each quarterly issue. 
Applications of the latest techniques. 
Advanced designs using printed circuits 
and solid state technology. 

Typical topics? VHP & UHF single side¬ 
band receivers and transmitters, anten¬ 
nas, converters, transverters and test 
equipment. Complete schematic diagrams, 
component requirements, construction de¬ 
tails and performance data, 

VHF COMMUNICATIONS is the English 
language edition of UKW BERICHTE, the 
German VHF Magazine, since 1962 re¬ 
garded in Europe as the most authori¬ 
tative in the field of amateur VHF. Try 
a subscription for a year, you Ml like HI 

CaFendvr year subscription U,S.A. ind Canadj 

$3.00 (US) 

VHF COMMUNICATIONS 

P. O, BOX 87 

TOPSFIELD, MASSACHUSETTS 01983 

Other countries; UKW Berichte, 6520 Erlingen, 
Gle^wtit^er Strasse 45, West Germeny 
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SPACE PROBLEMS SOLVED WITH 

mM 

VARIABLE FREQUENCY ANTENNAS 

$«nif for >rDcburs 

SHORTWAVE GUIDE 

I 1 *.H Girroxo »T„ SYlWCUSt, N. ». UMJ 


SURPLUS EQUIPMENT WANTED TO BUY BY 
. THE FASTEST GUN IN THE EAST 


. No honini iround, «r# fail « , , tn 24 
houn ^ . and mt pay moft, Wt'li iwaii or 

trad« new aquipwi^enT lap . . . W« quata fail 
too. W* tUo pair for ihippini. inmranca, ttc 

quoli 

SPACE ELECTRONICS 

^ dtv. or MiLruivr oictjionics oottp. 

11 Summil Ant.. EjiI PAttrWJii. N J. 07407. tZOll 7'>1.5050 


LIBERTY PAYS MORE !! 

WILL BUY fOH CASH — ALL TYPES 
El<<trpn Tubas * Stmiconductors Tpit Equipmprit 

Military Ertclronic Equipmtrit 

Wire, wnlf. phone collPci* We pay fret^ht on all purchases! 
LTBERTV ELECTRONICS, INC. 

S48 Broadway. New York, N. Y. 10012 
Phono: 212/925-6000 


SPECIAL 


k t H. 


HEADSET WITH HEADBAND, 2 receivers, 
ctird and plug, 2000 new at $1.25 

TRANSMITTER COMMAND SET BC-458/ 
ARC-5 5.3 to 7.0 me. Scavenge for parts 
or convert to SSB exciter. V.F.O., or 100 
w. xmtf. TUBES: 2-1625's (12v. 807's)^ 
1-1626 (V.F.O.): 1*1629 tuning eye (for 
calibration). Plus crystal for calibrating 
V.F.O. Loads of parts. New onJy $5.50 

BENDIX 3611 telephone amplifier with 
dyna motor DSIOO. input 24w. at 1.2a out 
220v. at .060a., also 2 tubes 6SJ7 and 
6 V6, 250 of each new $4.50 

TELEPHONE REPEATER type EE89, 40 
new $2.50 

TALLENCO.JNC . Bri^yn, N.Y. 11215 


You can be sure with Barry , . . 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 

No Quantity too Large. 

Write or Call now . . . BARRY, W2LNi 

BARRY ELECTRONICS 
612 BROADWAY • NEW YORK, N. Y. 10012 
212-WA 5-7000 


thepermaflexkey 

. L-ii :_L4 I 1 I fi 


• iMth M twin Invar ^ iLni^ht hand k*y 
in A fhPveUnvt 2 pndtJI* 

• ptvnt inttnnl cKaic* of luLeiiMtic 

»pnP'«ut(MW«t'ic & hjind Lcyin^. 

• dirtcUy wHk Mtvf irnnimiHar er | 

Ihreiigh npH nlnctrcnic kvyvf. L 

• fl 4 fnp, gold difFunnd tilvnr coolncb |l 

ndjutl from 0-.060* & S^SO grtmi. 

• ditlinctiva Wu* p*ddlaA nr* of a 

riiggnd O-tO Fiknrginit *p«c]p. * 

• cikinvt ii 16 gnug* pojitKnd chrom* ^ 

•U*h 1.95* (g. ■ 5,73% ^ddl« W YO «mpl 

•«L#nd 1.15*, wnigttl npp. I pwnd. * * Pp^ VhA 

• iiltcen* rubber fevt ivt itAbilily- A ttMCk or 

4 100|C US mnd« dr gunrnntHd (ct I ft* told by (nail 1 

James Reseorch companV/dep'f: HR 
11 schermerhorn sf^brooKlvn n*y.n 


I ufnpivta, 

chMc k or m.a. 
tvid by (nail only 

,dep't:HR-K 
clvn n.v. 112D1 


Eliminate "walking" and 
increase your sending 
speed. ^ C-R 

Key Kit 

for Electronic 

Keyers 

$13.95 

lowan$ add 3% 
sates fait 

the new C-R Key Kit 
you can ln:Crease your effi- 
ciency by eliminating unwarned 
“walking'*, increase your signal strenMh end 
en|oy continuous, trouble-free serrding, The Key 
comes in readydo assemble kit form requiring 
oniy the simolest hand tools for assembly. Parts 
include: heavy steel base with rubber feet, 
finished in umber gray metallic — large silver 
contacts — black bakehte knob and paddle — 
other parts are nickel plated brass. 

Order nowl Shipped ELECTRIC SPECIALTY 
postpaid in U. S. A. M F G, COMPANY 
Check or money order. ’ P. O. Box 645 
No COD’S please. Cedar Rapids, 1A 52406 


With 
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U. S. and CANADIAN HEADQUARTERS for 

Radio Society of Great Britain Publications 

RADIO COMMUNICATION HANDBOOK — Fourth Edition 

A complete guide to virtually all technical aspects of amateur radio. Over 50% 
larger than previous editions. Prepared by the outstanding amateurs in Great 
Britain today. 832 pages Hardbound $11.95 


AMATEUR RADIO TECHNIQUES — Second 
Edition — J. Pat Hawker^ G3VA 

Brand new edition — completely re¬ 
vised. A very complete collection of short 
articles and ideas covering many aspects 
of amateur radio. Includes new enlarged 
semiconductor section. 

160 pages Only $2.50 

AMATEUR RADIO CIRCUITS BOOK 

Completely revised — new edition. A 
very handy collection of many useful cir¬ 
cuits for amateur use. Loaded with good 
ideas for that new converter, exciter or 
other project you are working on. 

Only $2.00 


RADIO DATA REFERENCE BOOK — Second 
Edition — By G. K. Jessop, G6JP 

Here in a 148 page book is one of the 
most complete compilations of radio and 
electronic charts, nomographs, formulas and 
design data available. Whether you design, 
build or operate, this is a book you must 
have. Only $2.50 

WORLD AT THEIR FINGER TIPS John 
Ciarricoats G6CL 

A very interesting history of the RSGB 
and of amateur radio in Great Britain. It 
gives a great insight into the development 
of our hobby. Paper back edition $2.50 

Deluxe edition $6.50 


ALL PRICES POSTPAID IN U. S. A. AND CANADA 

book division 



Box 592 • Amherst, New Hampshire 03031 

'WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS — 

DEALER INQUIRIES INVITED" 


TRADE EVEN 

NEW BOXED SWAN 500C WITH 
117XC POWER SUPPLY FOR ANY 
OF THE FOLLOWING SURPLUS IN 
GOOD CONDITION. 

TEST EQUIPMENT: SG-IA/ARN WITH PP- 
348, SG-2/GRM-4, SG-13/ARN, UPM-98, 
UPM-99, ARM-22, ARM-25, ARM-47, HLI- 
103A, ARC H-14A, MD-83A/ARN, HEW¬ 
LETT-PACKARD 606A, 608D, 612A, 618A, 
620A, COLLINS 479S-3, 479T-2, 477U-2, 
678Y-3, TEKTRONIX 535A, ETC. 

AIRBORNE EQUIPMENT: ARC-51, ARC-54, 
ARC-94, ARC-102, ARC-134, RT-220C/ 

ARN-21, 618T, 618S, ARN-83. 

RECEIVERS: R-390A/URR WITH DUST 
COVERS. 

Write, wire, phone (813) 722-1843, Bill Slep, 
W4FHY, if you have any of the above and 
we will trade event 


2412 NORTH HIGHWAY 301 N. ELLENTON, FLORIDA 33532 

PHONE (813) 722 1843 



WE PAY 


HIGHEST 


PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 


H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(202) 351-4200 


R13B: Comruand rcvr 108 132 me AM. 9 tube, 2 uv sen's. No dial, we g've 

knob, tuning graph, tech data Needs pwr sply & controls as other 

Comniands NEW! 27.50 

R22: Command rcvr 540 to 1600 kc. with knob & tuning graph & tech 

data, grid OK 17.95 

R23/ARC-5; Command rcvr {Q 5 er) 190 550 kc has dial; w/knob 4 tech 

data, OKd 14.95 

R-392: Compact version R 390 Digit tune by kc & me. 0 5 to 32 me 
Select pass 2. 4 or 8 kc Ready to use w/pwr sply & book 525.00 

R-390A: In cream puW condition' With serialized nameplate and book 750.00 

AN/ALff-5: Tu nes 38 iOOO me with ONE tunmg unit CV 253 included, br^nd 
new. w/revr late type converted to 60 cy (R 444) also new or liKe brand 
new w / book 275.00 

Sil, Rectif. 8000 PIV. 400 m», brand new contract termination Pair Ppd. 5.30 

LM-14 freq meter ,125 20 me, 01%, w/ser. matched calib 4 lech 
data, 100% OK 57.50 

TS-323 treq meter 20 480 n'lc w/chart to approach 001%, tech data, 

100% OK 169,50 

TS175, Gerlsch FM-3, 3AM, 6, 9 freq, meters, also Deviation Meter. Ask for List #llb. 


WANTED: GOOD LAB TEST EQUIPT 4 MIL COMMUNIC. 


WE PROBABLY HAVE THE BEST INVENTORY OF GOOD LAB TEST EQUIPMENT IN 
THE COUNTRY, BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR SPECIFIC 
ITEMS OR KINDS OF ITEMS YOU NEED! WE ALSO BUY! WHAT DO YOU HAVE? 


R. E. GOODHEART CO. INC. 

Box 1220-HR. Beverly Hills, Calif. 90213 
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JOHN MESHNA JR 


LYNN, MASS. 01904 


19 ALLIRTON ST 


INTEGRATED CIRCUITS 


$10 TRANSISTOR IGNITION $10 


COMPUTER GRADE CAPS 


GEIGER COUNTER, MLTRY SURPLUS 

like new with book, untested 

SURPLUS SPECIAL ... $10.01 


60 WATT TRANSISTORS 80 VOLTS 

From computer assemblies, board with 4 each 
power transistors 2N1137B, 60 watt. 80 volt 
PNP power . . ... .... _ $1^25 per board 


Manufacturer’s name withheld, but you will 
find it marked on every unit Manufactured 
to Fairchild 900 RTL Series, All first grade, 
spec sheets included, A really amazing buy. 
Never previously offered by anyone at these 
ridiculous prices. 

1.00 each or $10.00 dozen 

Buffer . .900 

Dual Input Gate ...... 2903 

JK Flip Flop 923 

Dual JK Flip Flop . 2-923 

Dual 2*lnput Gate, 

Dual Expander.1*914, 1-925 

Dual 2-Input Gate Expander 925 


SUPER VALUE $2.50 

Computer boards with 8 each 2N1137B power 
transistors and mounting hardware, also in* 
elude on the board, 4 each 10 voft zeners, 4 
silicon diodes 1 amp 800 volt PIV, computer 
grade cap 2000 mfd 65 volt Bourns trim pots, 
precision resistors, etc. Complete assembly 
like new Ship wgt. 3 lb, $2.50 


VARACTOR SIMILAR TO MA4060A 

Good for 40 watts at 432 MC, ea, tested in cir 
cuit, w/diagram for 432 MC tripler, $5,00 ea 


RF FILTER 

From HAWK MiSSiLE termination contract. 
Good for 5 amps, 600 volt, 10 cycles to 500 
me, insertion loss 60 DB*plus, low pass pi- 
network type, excellent as feed-thru filter in 
converters, transmitters. Hermetically sealed 
inside are 2 toroidal chokes and 4 low induct 
caps, #41102 $1,00 each, 6 for $5,00 

PISTON CAPS 

Corning glass, direct traverse type, min, Q at 
max, C—500 at 50MC, 500 volt breakdown. 
Capacitance range 1-8 uufd. Brand new mili¬ 
tary surplus 3 for $1.00 or $3.00 per doz. 


IBM WIRED MEMORY FRAMES 

Removed from high priced computors. 
condition. 

4,000 Wired Core Plane % ! 

4,096 Wired Core Plane $1- 

8,000 Wired Core Plane $i: 

8.192 Wired Core Plane $1! 

16,384 Wired Core Plane $lt 


Complete electronic Z transistor dual ignition system 
for cars, boats, trucks. Fully wired harness, dual 
primary corl, instant changeover from transistor to 
conventional or back. Neg groumd, 6 Or IZ volt 
system. Complete with instructions, ready to install. 
Origmal price %2bt now only 110.00 postpaid. 

INTEGRATED CIRCUITS 

711 Dual Comp, Amp.$2.0C 

910 Low Power Dual Gate .... $1.5G 

926 High Speed 923 .$1,5C 

(20 MHz) 

All aboiro items plus postage except postpaid items 


i I 

Mixture untested IC's, flat pack, dual tnitne. 
TO*5. Most factory marked. Package of 12 
units W/10 pages RTL and DTL specs. $2.00 
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DX-ARRAY 


NEW 20 ELEMENT 



The new Cush Craft DX-Arrays combine the best 
yogi and colinear features into the World^s most 
advanced amateur communication antennas. 
Realizing that the antenna is the most importont 
part of your station, Cush Craft engineers have 
devoted two years of intensive development and 
testing to perfect DX-Array. DX-Arrays have al¬ 
ready established new records in Dx-ing and moon- 
bounce programs. 

Whatever your interest may be, ragchewing, con¬ 
tests, DX, or moonbounce, get in on the excitement 
of VHF hamming today with DX-Array. 

DX-120-144 mhz $29.50 

DX-220-220 mhz 22.50 

DX-420-432 mhz 17.50 


See your local distributor or write for complete 
specifications on these exciting new antennas from 
the world's leading manufacturer of UHF/VHF 
Communication Antennas. 



621 HAYWARD STREET 
MANCHESTER N H 03103 


AfIVeiTiSers iNdeX 


A-5 Magazine 


Amateur-Wholesale Electronics . 95 

Antenna Mart . 86 

B & F Enterprises . 92 

BC Electronics . 90 

Barry Electronics . 91 

Bob’s Amateur Electronics . 78 

Ceco . 86 

Collins Radio Co. Cover II 

Columbia Electronics . 90 

Comdel, Inc. 46 

Comtec, Book Division . 75 

Convention '69 . 89 

Cushcraft . 94 

Dames Co., Theodore E. 82 

DXer’s Magazine . 89 

Essco. 45 

Electric Specialty Manufacturing Co. 91 

Electronic Applications Co. 78 

Evans Radio . 86 

Evansville Amateur Radio Supply . 79 

Gauthier industries . 87 

Goodheart Co., Inc., R.E. 92 

Gordon Co., Herbert W. Cover III 

H & L Associates . 92 

Hafstrom Technical Products . 88 

Ham Radio Magazine . 76 

Hammarlund Manufacturing Co., Inc. 2 

Harrison Radio . 96 

Heath Co. 27 

Henry Radio Stores . 5 

International Communications & Electronics, Inc. 77 
International Electronics Systems, Inc. 95 

James Research . 87, 91 

Jan Crystals . 90 

Joga, Productos . 74 

L. A. Amateur Radio Supply . 79 

Lewispaul Electronics, Inc. 89 

Liberty Electronics . 91 

Meshna, John, Jr. 93 

Military Electronics Corp. 91 

Moory Electronics, Inc. 80 

Mosley Electronics, Inc. 1 

National Radio Co., Inc. 6, 7 

Omega-T Systems, Inc. 82 

Palomar Engineers . 82 

Quement Electronics . 83 

Radio Amateur Callbook, Inc. 86, 88 

Raytrack Co. 73, 81 

RCA Institutes, Inc. 59 

Rousseau & Sons, Hugo H. 84 

Shortwave Guide . 91 

Signal/One . 65 

Slep Electronics Co. 92 

Spectronics . 33 

Stinnette . 82 

Swan Electronics . 70, 71 

Tallen Co., Inc. 91 

Tekrad . 87 

Telrex Communication Engineering Laboratories 89 
Tristao . 89 

Unadilla Radiation Products . 78 

VHF Communication . 90 

Vanguard Engineering . 87 

Vanguard Labs . 82, 88 

W3KT QSL Service . 88 

Weinschenker, M. 90 

Westcom Engineering Co. 51 
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Write for 

SPECIAL PRICE! 



V» 

•V 

ii 


/ 


hafficraft^s 


1 

.} 


DISCOUNT PRICES. NO ONE ANYWHERE will beat our 
price! We will TOP any advertised or written price from any other 
dealer. We trade on both new and used equipment and we service 
what we sell. Instant credit on both new and used equipment. 
American Express and General Electric revolving charge. 

AMATEUR-WHOLESALE ELECTRONICS 

A DIVISION OF 

(DBS ' International Electronic S.X'stems, Inc. 


7B0 ARAGQN AVENUE. CORAL GABLES. FLORIDA 3304 



Cable: "INTEL" 


305-444-6207 Eiport orders our ip^tialty 
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WANT MORI FOR YOUR MONEY?- 

Then latch on to one of these FB Hallicratters HT46 transmitters before 
they're alJ sold! 

At our special price slash you're getting top performance and unbeatable 
value *— a bargain you can't afford to pass up. Rush your order in, now, 

73 



ON BRAND NEW ha///craffers 

famous HT46 



5 band transmitters 

Plenty sold at $395.00 Amateur Net 

SPECIAL! 

While our supply lasts 

ONLY $250. 

Complete, with full factory warranty 


• 180 Watts PEP SSB • 140 Watts CW • Selectable Sideband 

• Internal AC Supply • Plug-in VOX ($44.95 extra) • “Transcetve" input 


HEADQUARTERS 
for all 

ha/hcraffers 
FINE EQUIPMENT 

Here you can save with 
safety, because we'll top 
any ^*deai"l Shop around 
first, then see us last. 


^PROMPT ORDER DEPT.- 

We carefully pack and snip ham 
gear, accessories and parts to 
most any part of the world. 

Address your orders to; 

22 SMITH STREET 
Farmingdale^ N.Y. 11735 

PteAU Include ample pcntege fpius SI 
handling cost with orders under S10-) 

OR, PHONE VOUB ORDERS TO 
{2l2i BA 7‘792Z OR ISIS) ?93-7O90 


PREFER A TRANSCEIVER? 

THE NEW 

haf/icraffers 

SR400 CYCLONE 

is the biggest bargain around! 

WITH THESE PLUS FEATURES: 

♦ Receiver incremental tuning - Noise blanker * Built-in 

notch filter * 400 watt SSB 3G0 watt CW - 200 cycle 

CW filter * 1 kHz readout * .3 microvolt sensitivity 

• 60 db carrier suppression. 

ENJOY YOURS 
NOW FROM 


"DUAL ltEC£JVE*' VFO 

Plug In the HA'ZO. and split transmit/ 
receive frequencies. A *'must" for DX 
and X Band operation! 



ftarriso^ 


HEADQUARTERS, USA"(^ 


NEW YORK CITY I JAMAICA, L I. I FARM1NGDALE, L. I. 

8 Barclay St. I 139-20 Hillside Ave. I Route 110 at Smith St. 

(212) BArclay 7-7922 1 REpublic 9-4101 I (516)293-7995 
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O.M. This is the time to give the XYL a hint on what to get you for Xmas 
at the outstanding list of station accessories we have for you* AN are desig 
make your operation more convenient and enjoyable* 

1. Brown Straight Key ^— Model 7 . Mumechron Tymeter 24 Hour 

Clock 

with Ident. 10 minute timer 
in Plastic Case : 


Vi" silver contacts* chrome 
plated arms and screws* 
black wrinkle finish* (The uh 
timate in a straight key*) $8.95 8 

2. Comdel Directional Wattme¬ 

ter — Model DW1550 
Frequency range 1.5 to 60 
MH2. power accuracy ± 1 

DB. direct reading .2 to 1500 
watts and 1.0 to 4.0 VSWR $95*00 

3. Comdel Speech Processor 

— Model CSPll 
Talk power gain 10 db, negli¬ 
gible distortion (like switch¬ 
ing in a linear . * . $120*00 

4. Dow-Key Coaxial Relay — 

Model DK6C-G2C 
Part No. 60*262842 
SPDT with auxiliary contacts* 

115 vac coil 1 KW rated 
(switch antenna from RCVR 
to XMTR) . $18.00 

5. Dow-Key Coaxial Relay — 

Model DK2'60-2C 
DPDT, 115 vac coil* 1 KW 
rated (switch your linear in 
and out) $26.40 

6. Numechron Tymeter 24 Hour 

Clocks Superex Earphones — Model 

Plastic Case $15.00 Deluxe S2000 

Stainless steel and walnut 2000 ohm impedance (very 

case , * * . $25*00 comfortable) $2.70 

We can ship any of the above items to you prepaid to your door in the United 
States and Canada, immediately upon receipt of your remittance* 

^‘SPECIAL BARGAINS'* 

5-6 Foot lengths RG8/U with PL259's on each end (Great for equipment 

interconnection) 1.5 lbs. shipping weight . . each $1.00 

Kilowatt loading capacitors, 1200 MMF (Building a linear — this is the 

capacitor for you) 2 lbs. shipping weight . . each $3*00 

Muffin Fans — 115 VAC or 230 VAC, state your choice 230 volts $6*50 

2 lbs* shipping weight 115 volts $7*50 

RCA 6 volts DC to 12 volts DC converters — 75 watts* 9 lbs* shipping weight $12.95 


Numechron Tymeter 12 Hour 
Clock ^ Model 765 
Plastic case* with built-in TV 
Lamp 


9. PIC Polyswitch Coaxial An¬ 
tenna Switch — Model PS- 
750. single pole five position 
1 KW rated* rear-mounted 
SO239 connectors 


10. Shure Dynamic Microphone 
— Model 444T 
Built-in transistor amplifier* 
PTT Stand . 





PRESENTING THE All NEW 

AMECO PT 

ALL BAND TRANSCEIVER 
PREAMPUFIER 


- 6 THRU 160 MEHRS ■ FEEDS 2nd RECEIVER 

Model PT, with built-in power supply, transfer relay, connecting 
cables, wired and tested. Amateur Net . . $49.95 


A frame grrd pentode provides low nofse figure with ability to handle strong signals, 
greatly improving the sensitivity of the receiver section of a transceiver. 

A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver 
is transmitting. The PT also feeds the antenna input of a 2nd receiver as well as 

’*■ AMECO 


DIVISION OF AEROTRON, INC. ■ P. 0. BOX 6527 ■ RALEIGH, N. C. 27608 



GSB 201 MK M 

10-80 METER LINEAR AMPLIFIER 


...THE WORK HORSE 



Exceptionally compact—only 
8Vi" high, 12%" wide and 17" deep—the 
GSB 201 lends itself readily to table 

top mounting. 


■ Four (not two) type 572B tubes for a 
full 2000 watt P.E.R SSB input 

■ Full wave solid state power supply. 

■ Universal rear of cabinet circuitry 
may be connected for transceiver or 
receiver-transmitter use without 
internal modification. 

■ Plus many, many more features. 

AMATEUR NET . .. . . $375.00 

Also available: GSB 201 MK II — em¬ 
ploys four type 81 lA economical triodes 

for 1500 watt P,E.P. input 

AMATEUR NET _ $325.00 

See your favorite distributor 

— Write for brochure 


GrOI'TSjZj'JL'* ANOTHER DIVISION OF AEROTRON, INCORPORATED 

P. 0. Box 6527 / Raleigh, North Carolina 27608 








